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RULES OF THE INSTITUTE. 

I. 

OBJECTS. 

The objects of the Lake Superior Mining Institute are to promote 
the arts and sciences connected with the economical production of 
the useful minerals and metals in the Lake Superior region, and the 
welfare of those employed in these industries, by means of meetings 
of social intercourse, by excursions, and by the reading and discus- 
sion of practical and professional papers, and to circulate, by means 
of publications among its members the information thus obtained. 

11. 
MEMBERSHIP. 

Any person interested in the objects of the Institute is eligible 
for membership. 

Honorary members not exceeding ten in number, may be ad- 
mitted to all the privileges of regular members except to vote. They 
must be persons eminent in mining or sciences relating thereto. 

III. 
ELECTION OF MEMBERS. 

Each person desirous of becoming a member shall (be proposed 
by at least three members approved by the Council, and elected by 
ballot at a regular meeting (or by ballot at any time conducted 
through the mail, as the Council may prescribe), upon receiving 
three-fourths of the votes cast. Application must be accompanied 
by fee and dues as provided by Section V. 

Each person proposed as an honorary member shall be recom- 
mended by at least ten members, approved by the Council, and elect- 
ed by. ballot at a regular meeting, (or by ballot at any time conduct- 
ed through the mail, as the Council may prescribe), on receiving 
nine-tenths of the votes cast. 

IV. * 

WITHDRAWAL FROM MEMBERSHIP. 

Upon the recommendation of the Council, any member may be 
stricken from the list and denied the privilege of membership, by 
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the vote of three-fourths of the members present at any regular 
meeting, due notice having been mailed in writing by the Secretary 
to him. 

V. 

DUES. 

The membership fee shall be (five dollars and the annual dues 
five dollars, and applications for membership must be accompanied 
by a remittance of ten dollars; five dollars for such membership fee 
and five dollars for dues for the first year. Honorary members shall 
not be liable to dues. Any member not in arrears may become a 
life member by the payment of fifty dollars at one time, and shall 
not be liable thereafter to annual dues. Any member in arrears may, 
at the discretion of the Counqil, be deprived of the receipt of pub- 
lications or be stricken from the list of members when in arrears 
six months; Provided, That he may be restored to membership by 
the Council on the payment of all arrears, or by re-election after an 
interval of three years. 

VI. 
OFFICERS. 

There shall be a President, five Vice Presidents, five Managers, 
a Secretary and a Treasurer, and these Officers shall constitute the 
Council. 

VII. 
TERM OF OFFICE. 

The President, Secretary and Treasurer shall be elected for one 
year, and the Vice Presidents and Managers for two years, except 
that at the first election two Vice Presidents and three Managers shall 
be elected for only one year. No President, Vice President, or Manager 
shall be eligible for immediate re-election to the same office at the ex- 
piration of the term for which he was elected. The term of office 
shall continue until the adjournment of the meeting at which their 
successors are elected. 

Vacancies in the Council, whether by death, resignation, or the 
failure for one year to attend the Council meetings, or to perform 
the duties of the office, shall be filled by the appointment of the 
Council, and any person so appoint^ed shall hold office for the re- 
mainder of the term for which his predecessor was elected or ap- 
pointed; Provided, That such appointment shall not render him in- 
eligible at the next election. 

VII. 

DUTIES OF OFFICERS. 

All the affairs of the Institute shall be managed by the Coun- 
cil except the selection of the place of holding regular meetings. 
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The duties of all Officers shall be such as usually pertain to their 
offices, or may be delegated to them by the Council. 

The Council may in its discretion require bonds to be given by 
the Treasurer, and may allow- the Secretary such compensation for 
his services as they deem proper. 

At each annual meeting the Council shall make a report of pro- 
ceedings to the Institute, together with a financial 'statement. 

Five members of the Council shall constitute a quorum; but the 
Council may appoint an executive committee, business may be trans- 
acted at a regularly called meeting of the Council, at which less than 
a quorum is present, subject to the approval of a majority of the 
Council, subsequently given in writing to the Secretary and recorded 
by him with the minutes. 

There shall be a meeting of the Council at every regular meeting 
of the Institute and at such other times as they determine. 

IX. 

ELECTION OF OFFICERS. 

Any five members not in arrears, may nominate and present to 
the Secretary over their signatures, at least thirty days before the 
annual meeting, the names of such candidates as they may select 
for offices falling under the rules. The Council, or a committee there- 
of duly authorized for the purpose, may also make similar nominations. 
The assent of the nominees shall have been secured in all cases. 

No less than two weeks prior to the annual meeting, the Secre- 
tary shall mail to all members not in arrears a list of all nomina- 
tions made and the number of officers to be voted for in the form 
of a letter ballot Each member may vote either by striking from 
or adding to the names upon the list, leaving names not exceeding 
in number the officers to be elected, or by preparing a new list, sign- 
ing the ballot with his name, and either mailng it to the Secretary, 
or presenting it in person at the annual meeting. 

In case nominations are not made thirty days prior to the date 
of the annual meeting for all the offices becoming vacant under the 
rules, nominations for such offices may b^ made at the said meeting 
by five members, not in arrears, and an election held by a written or 
printed ballot 

The ballots in either case shall be received and examined by three 
tellers appointed at the annual meeting by the presiding officer; and 
the persons who shall have received the greatest number of votes for 
the several offices shall be declared elected. The ballot shall be 
destroyed, and a list of the elected officers, certified by the tellers, 
shall be preserved by the Secretary. 

X. 

MEETINGS. 
The annual meeting of the Institute shall be held at such time as 
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may be designated by the Council. The Institute may at a regular 
meeting select the place for holding the next regular meeting. If 
no place is selected by the Institute it shall be done by the Council. 

Special meetings may be called whenever the Council may see 
fit; and the Secretary shall call a special meeting at the written re- 
quest of twenty or more members. No other business shall be trans- 
acted at a special meeting than that for wh^ch it was called. 

Notices of all meetings shall be mailed to all members at least 
thirty days in advance, with a statement of the business to be trans- 
acted, papers to be read, topics for discussion and excursions pro- 
posed. 

No vote shall be taken at any meeting on any question not per- 
taining to the business of conducting the Institute. 

Every question that shall properly come before any meeting of 
the Institute, shall be decided, unless otherwise provided for in these 
rules, by the votes of a majority of the members then present 

Any member may introduce a stranger to any regular meeting; 
but the latter shall not take part in the proceedings without the 
consent of the meeting. 

XI. 

PAPERS AND PUBLICATIONS. 

Any member may read a paper at any regular meeting of the 
Institute, provided the same shall have been submitted to and ap- 
proved by the Council, or a committee duly authorized by it for that 
purpose prior to such meeting. All papers shall become the prop- 
erty of the Institute on their acceptance, and with the discussion 
thereon, shall subsequently be published for distribution. The num- 
ber, form and distribution of all publications shall be under the con- 
trol of the Council. 

The Institute is not, as a body, responsible for the statements 
Qf facts or opinion advanced in papers or discussions at its meet- 
ings, and it is understood, that papers and discussions should not 
include personalities, or matters relating to politics, or purely to 
trade. 

XII. 

AMENDMENTS. 

These rules may be amended by a two-thirds vote taken by let- 
ter ballot in the same manner as is provided for the election of 
officers by letter ballot; Provided, That written notice of the pro- 
posed amendment shall have been given at a previous meeting. 
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THE SIXTEENTH ANNUAL MEETING, AUGUST 

22d, 23d, 24th, 1 911. 



LOCAL COMMITTEES. 

Transportation Committee, Dining Cart and Sleepers. 
C. H. Watson, Wm. Kelly, O. C. Davidson. 

Committee on Automobiles. 

Iron Mountain — J. H. Karkeet, Geo. J. Eisele. Vulcan — P. H. Arm- 
strong. Norway — J. B. Knight. Crystal Falls — Frank Scadden, 
Arvid Bjork. Iron River — G. L. Woodworth, Frank Youngs, W. 
H. Jobe. 

Committee on Reception. 

Norway — Doctor Miller, Gordon Murray, Capt Wm. Bona, G. A. Hell- 
berg, F. A. Janson. Iron Mountain — E. F. Brown, Martin Golds- 
worthy. Vulcan — A. W. Thompson. Loretto— C. H. Baxter, H. Mc- 
Laughlin. Crystal Falls — Thos. Conlin, M. B. McGee, Arvid Bjork, 
Chas. W. Hughes, R. G. Whitehead, Captain Edwards, W. H. 
Fraser, J. S. Jacka, Hern^an Ruwitch, John Tufts, Capt. E. Pen- 
gilly, F. p. Ball, E. J. Oswald, Capt. E. Jacka, John Parks, E. S. 
Bridges, Chas. Neugebauer, W. H. Rezin, John Erickson, Sam Ja- 
cobs, Herman Holmes, Michael H. Moriarty. Iron River — E. S. 
Coe, J. S. Wall, I. W. Byers, M. S. McDonough, Victor D. Lalng, 
J. H. Nettell, Wm. H. Bengry, H. E. Duff, John Looney, D. H. 
Campbell; Rudolph Erikson, W. H. Jobe, G. L. Woodworth, J. A. 
Monroe, O. P. Doty, Lowe Whiting, G. W. Youngs, S. D. Kling- 
lund, F. A. Morrison, P. O'Brien, F. A. Dixon, W. H. Seldon, Walter 
L. Scanlan. 

Committee on Finance. 

W. H. Jobe, Chairman, E. W. Hopkins, J. D. Vivian, E. F. Brown, 
Rudolph Elrikson, G. L. Woodworth. 



ITINERARY. 

The following itinerary has been arranged by the Committee in 
charge for the Sixteenth Annual Meeting to be held on the Menominee 
Range. This is subject to changes as circumstances may require. 
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Tuesday, August 22nd. 

A. m. arrival and reception of visitors at Crystal Falls. 

1:00 p. m. visit to HoUister Mine, inspecting new ore dryer, Tobin 
and Bri'stol Mines. 

6:00 p. m. entertainment and luncheon by Crystal Falls Commer- 
cial Club. 

8:00 p. m. business session at Court House. 

Wednesday, August 23rd. 

8:00 a. m. leave Crystal Falls in automobiles en route to the 
Iron River District, visiting the Chicagoan Lake, Swanson, Baltic, 
Caspian, James, Davidson, and other mines. At the Swanson, con- 
crete shaft sinking will be seen. 

Intermission for dinner at 12. 

2:00 p. m, business session at Opera House; election of Officers 
for ensuing year. 

6:00 p. m. entertainment and luncheon by Iron River Commercial 
Club. 

Thursday, August 24th. 

7:00 a. m. leave Iron Ri?ver for Dickinson County points. 

9:00 a. m. arrive Loretto. View changes in river course, and 
mining in the old river bed. 

Automobile trip to Hydro-Electric Plant at Sturgeon Falls. Elec- 
tric equipment and concrete lined shaft at Vulcan. 

12:00 noon dinner. 

1:00 p. m. automobile trip from Vulcan to Norway and Iron Moun- 
tain, visiting Chapin Mine, construction of dam at Twin Falls, and 
other points of interest. 

5:00 p. m. dlsbandment. 



HISTORICAL SKETCH OF MENOMINEE RANGE 



HISTORICAL SKETCH OF MENOMINEE RANGE. 
By Thomas Conlin and P. O'Brien. 

Dickinson County. 

The Dickinson County end of the Menominee Range, be- 
ing its easterly division, which also may be termed '*the 
port of entry,*' was the first to be explored and developed, 
either for timber or iron ore. When the discovery of iron 
ore had been made on the Marquette range, and shipments 
begun some twenty odd years previous to the discoveries on 
the Menominee range, it was generally taken for granted that 
the ore already found limited the mineral resources of this 
part of the upper peninsula. 

Some have also attributed the belated discovery of mer- 
chantable ore on thj^ range to Indian superstition, thus keep- 
ing secret its known presence. 

The opening of the Menominee range may be stated as 
being in 1870, when the first logs were cut, and floated down 
the Menominee river in 1871. Also in 1871, John L. Buell 
in company with John Armstrong made the first reported dis- 
covery of iron ore, and in 1872 the first exploring party en- 
tered this region under the guidance of Dr. N. P. Hulst, rep- 
resenting the Milwaukee Iron Company. The results of Dr. 
Hulst's discoveries were not made known. In 1873 ^^^ dis- 
covery made by Buell and Armstrong was explored and de- 
veloped. In 1874 fifty-five tons of this ore was hauled to 
Menominee and smelted, the results being most satisfactory 
and gratifying. The first mining of iron ore and its smelting 
was followed by numerous explorations and the rapid de- 
velopment of mines in this county. The extending of the 
Menominee River Railroad in 1877 from Powers to Quinnesec 



/ 



LAKE SUPERIOR MINING INSTITUTE 8 

was the entering wedge of this development era, and while 
explorations and discoveries have been going on from 1871 
shipments cannot really be stated as having started prior to 
1877. This railroad was extended to Iron Mountain in 
1880, and thence in successive stages to the westerly division 
of the Menominee range, Iron County, becoming a branch of 
the Chicago & Northwestern system. 

The following is a list of the earlier mines, date of dis- 
covery and date of first shipment: 

Discovery. First Shipment. 

Breen 1872 1877 

Vulcan 1873 1877 

Quinnesec 1877 1878 

Emmett 1877 1878 

Stephenson 1878 1879 

Norway 1878 1879 

Saginaw 1878 . 1878 

Cyclops 1878 1879 

Curry 1878 1879 

E. Vulcan 1879 1879 

Cornell 1879 1880 

Kiel Ridge 1879 1880 

Chapin 1879 1880 

Indiana 1879 1880 

Millie 1880 1881 

It is not necessary to- bring the above Ijst down to date 
in this sketch as practically all the later day mines are to 
be found in statistical reports published in connection with the 
Institute proceedings. 

Explorations for iron ore are still being carried on in 
Dickinson County but not on as extensive scale as at present 
in Iron County. The known iron ore resources on the easterly 
end of this range insures mining enterprises of magnitude for 
future generations. 

A more extended sketch of Dickinson County could be 
written, but as this was covered in a previous Menominee 
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Kanf^e meeting* it is deemed advisable to give the westerly 
end of the range most of the available space at this time. 

Iron County. 

Crystal Falls gets its name from the falls in the Paint 
river, located close to the center of Sec. 20, 43-32. 

The story is that in the middle seventies a crew of woods- 
men, engaged in looking over and locating timber for a Me- 
nominee lumber company, was camped on Lot 3 of Section 
20 a short distance above the falls. One morning in early 
October the sun arose bright after a sleet storm and as one 
of the cruisers looked out of his tent the sun's rays were 
reflected from the crystals that were suspended from the 
dense shrubl>ery that overhung the chasm alx>ut the falls. He 
remarked upon the crystal like appearance, and suggested that 
they call the rapids "Crystal Falls." That day the work was 
close to the falls and the men got to calling the place "the 
crystal falls in the Paint" which was afterwards abbreviated 
to "Crystal Falls." 

At the falls in the Paint river the ore bearing rocks are 
exposed and the surveyors and cruisers made note of that fact. 
As the Menominee range was developed northwest from Wau- 
cedah, an advance guard of explorers penetrated the wilder- 
ness, like the skirmishers preceding an army, testing the earth 
by light test-pits. Among this advance body was "Jack" 
Armstrong, the first man to turn a shovel of dirt in the search 
for iron ore in -the Crystal Falls district. Mr. Armstrong 
started his work on the banks of the Paint river a few feet 
from the edge of the cliff where the action of the water had 
exposed the formation. He was rewarded by meeting with 
some ore, the property being the same Lot 3, Sec. 20, 43-32 
that has been explored by the International Harvester inter- 
ests during the past two years. Armstrong was pressed closely 
by the Maltby brothers, who began operations on the lands 
adjoining his to the west in the vicinity of the Bristol mine 
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and they were really the discoverers of the Bristol- Youngs- 
town deposit. 

At this time the C. & N.-W, railroad was surveyed to 
Florence to which point it was being built to tap the ore 
district in that section. Among the contractors wh6 were 
doing the grading was George Runkle and in his employ was 
S. D. Hollister. Mr. Runkle wsCs closely connected with some 
of the Northwestern officials. He and Mr. Hollister visited 
Crystal Falls locality and Mr Runkle at once became con- 
vinced of its worth and induced Marvin Hughitt to person- 
ally visit this section to see for himself the possibilities of 
the locality and the advantage which the Northwestern would 
derive by extending its line right on through to Crystal Falls. 
Mr. Runkle was successful in his efforts and that winter the 
end of the road was pushed on to the Brule river instead of 
resting at Florence, a survey having been completed and 
adopted through to Crystal Falls, 

In the meantime Messrs. Runkle, Hollister and others had 
secured options on the explorations and formed the Crystal 
Falls Iron company. The properties they took over were the 
Armstrong exploration on Lot 3, the Fairbanks, Kimball and 
others. While the road was being extended here morfe men 
were put at work in the pits and stories of the fabulous wealth 
of the section attracted other explorers, among them the Shel- 
dons and Jacob Shafer who discovered the big' deposit at the 
old Shafer. Another company headed by Mr. Hollister had 
discovered a big. deposit on the N.-E. % of S.-W. yi of Sec. 
21, 43-32, the forty east of the Fairbanks. This discovery, 
taken along with the Fairbanks, led the Crystal Falls Iron 
company to believe that the big ore deposits existed to the 
east of the Paint river. 

The Crystal Falls Iron company felt that the locality war- 
ranted the building of a town and began to look about for 
a site. They decided upon one of the banks of Runkle lake, 
close to the west line of Sec. 22, 43-32, and the original sur- 
vey for the railroad contemplated the running of the main 
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line to the shores of Runkle lake. In the meantime Mr. 
Shafer, operating on Sec. 31. had sold his find to the Union 
Steel company and right here comes the story of how Crystal 
Falls comes to l)e located on a side hill instead of upon the 
level plain about Runkle lake. 

When the Union Steel company learned that the Cry^stal 
Falls people intended locating the town so far away from 
their mine they entered a protest which finally resulted in 
the threat of platting another town on Section 31 — only 25^ 
miles away — in case the original idea of platting Crystal Falls 
on the banks of Runkle lake was carried out. The Crystal 
Falls i>eople would not consent to locate the town on Sec. 31 
and the Union Steel company refused to co-operate with the 
project if it was located on Sec. 21. The outcome was a 
compromise and the nearest piece of proi>erty that could be 
purchased just then was the S.-W. ^ of N.-E. J4 Sec. 29, 
43-32. So, the property was purchased and the town platted 
on the side hill amidst inconveniences that were very hard to 
overcome. Before the controversy was settled the railroad 
grade had approached the locality and a portion of the ap- 
proach to the proposed townsite on Runkle lake was graded 
and may be seen today near Railroad lake. The survey was 
changed, the road nm to the new site and hamiony reigned 
to the inconvenience of later generations. 

Crystal Falls had the ups and downs experienced by the 
other iron districts during the 8o's and go's. The ore being 
of a lower grade than that of other sections, the explorers and 
operators attracted to this section were not as strong finan- 
cially as in other sections and much hardship was experienced 
because of the irresponsibility of the mining companies during 
those days. The panic of 1893 acted as a cathartic to clear 
out the business system. Every property in the district was 
closed by that financial catastrophe and when they re-opened 
the ownership had passed to stronger hands. 

The connection of the present operators dates from the 
renaissance of 1897 and subsequent years. Corrigan-McKin- 
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ney & Co. was known in a small way previous to the panic 
under the old firm name of "Corrigan, Ives & Co." They 
were sales agents for some of the companies then operating 
mines in this section, principally the Mansfield mine under 
the old regime. In 1897 the new firm of "Corrigan, Mc- 
Kinney & Co." acquired the Crystal Falls mine which until 
that time had been in the hands of the Butlers of Youngstown, 
Ohio, and was not regarded as of much worth. They did 
but little further exploratory work before encountering the 
large ore deposit which extended to within a few feet of 
the surface. They immediately stripped the ore body and were 
enabled to produce ore very economically, a very necessary 
requisite in the stormy commercial period following the panic. 
With this property as a nucleus they extended their operations 
by the acquisition of the Great Western and Lamont mines; 
optioned and explored the Tobin, which they later developed 
into the magnificent property it now is. The Dunn they re- 
opened by entirely new workings, made necessary by the 
caving of the old shaft. The Armenia, Fairbanks and Kim- 
ball were each in turn reclaimed by them, the old workings 
having been worked out or not warranting further work at 
the time they were abandoned. This company is today the 
owner of the major portion of the working properties in 
the district and won its position by banking its faith on the 
district when it was passed up by others. 

Oglebay, Norton & Co., the owners of the Bristol mine, 
came here in 1898. They acquired a lease on the old Brier 
Hill which Schlesinger in his palmy days had stripped of 
its sand overburden at a great cost and which work was re- 
garded as a marvel in those days. The Bristol people de- 
veloped the property and made it the biggest producer in the 
district. 

The Oliver Mining company came here first through the 

purchase of the old Columbia mine in 1902. Later on they 
acquired the Mansfield and Michigan by purchase and the 
Hilltop through the amalgamation of the American Steel 
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& Wire company. The Youngstown they acquired in fee 
through the Illinois Steel Co. Of their properties, only the 
Mansfield is now being operated at Crystal Falls and the 
Michigan at Amasa. 

The M. A. Hanna people were induced through the efforts 
of Frank Scadden to take hold of the Hollister mine in 1907. 
They have operated continuously at that property since and 
in 1909 they took options to explore the Merry lands, one 
tract lying west of the Bristol where they are opening up the 
Ravenna mine, and the other tract, the old Monongahela, west 
of the Columbia. Recently they acquired the Harlow lands 
lying south of the Monongahela and are in position to become 
a large factor in the district. 

The Youngs people were induced to take an option on a 
forty north of the Armenia three years ago and since then 
they have developed the MacDonald mine on that property. 

In 1889 the Pickands-Mather interests were exploring the 
old Walpole at Iron Mountain. The outlook was not prom- 
ising enough to them at the time so they came to this sec- 
tion and purchased an exploration on the banks of the Hem- 
lock river in Sec. 4, 44-33. They transferred their equipment 
from the Walpole and succeeded in opening up the Hemlock 
mine which has been a steady producer since 1891 with the 
exception of a year or two during the panic of 1893. They 
platted a portion of their lands and called the place **Amasa." 

Two years ago the Longyear & Hodge people began op- 
erations in this section, opened an office and later on organized 
the Nevada land company which has taken over several valu- 
able properties upon which ore has been shown up by means 
of the diamond drill. 

The Breitung people commenced exploratory work here 
last April and have mapped out an extensive program of ex- 
ploration with a promise of success. 

Iron River-Stambaugh. 
The Iron River-Stambaugh district, or as it is generally 
called, the Iron kiver district, first became known in 1878 
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when Donald C. and Alexander Mackinnon arrived in the dis- 
trict from Negaunee, walking through the woods from Com- 
monwealth, Wisconsin, the then terminal of the C. & N. W. 
Ry. These two hardy pioneers, believing that the district was 
eventually to prove a valuable one, located Section 26, 43-35, 
now known as the Village of Iron River. They also located 
the lands now known as the Kinney, Baltic and Youngs 
mines, and did some test pitting on these properties, but not 
sufficient to prove that they really contained the large bodies 
of ore which have since been shown up. 

A recent geological report, published by Mr. R. C. Allen, 
director of the Michigan State Geological Survey, is authority 
for the statement that "the first discovery of iron ore in the 
Iron River district is accredited to Mr. Harvey Mellen, a 
United States land surveyor. The field notes of Mr. Mellen's 
under date of August 8th, 185 1, describe the occurrence of an 
'outcrop of iron ore five feet high' on the west face of Stam- 
baugh hill, 52 chains north, of the southwest corner of Sec- 
tion 36, T. 43 N., R. 35 W., and this outcrop was recorded on 
the original United States Land Survey plat of the township. 
While the occurrence of ore was^ thus early made known min- 
ing did not begin until 31 years later, when Mr. Mennen's 
discovery became the site of the Iron River mine," now known 
as the Riverton. ^ 

The Mackinnons explored the N. W. J4 <>f the S. W. %, 
Section 36, 43-35, and opened up what is now the Beta mine. 
As there were no railway facilities the opening up of the 
property was necessarily slow. The ore was a low grade, 
running about 58.00 in iron and .25 in phosphorus. Follow- 
ing the development of the Beta came the opening up of the 
Nanaimo mine, after which the Village of Iron River was 
first named. 

Following the Mackinnon brothers came R. L. and W. 
H. Selden in 1880 or 1881, as civil engineers of the C. & N. 
W. Ry. The latter gentleman, becoming imbued with the 
great future of this district, concluded that no better place 
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for a home could be found, and together with his brother 
located lands in Section 35 and 36, 43-35, and immediately 
commenced active exploratory work, opening up the Iron 
River, Isabella, Selden and Hiawatha mines. Tlie Iron River 
and Isabella mines were opened up and actively worked until 
1888 or 1889, with Tod Stambaugh as general manager and 
J. N. Porter as general superintendent. In honor of the work 
done by Mr. Stambaugh, the yillage and Township of Stam- 
baugh was named after him. 

In 1882 the district became prominently known to the 
outside world by the extending of the C. & N. W. Ry. from 
Commenwealth to Iron River, which remained its terminus 
for four years when it was extended to Watersmeet and the 
Gogebic range. Immediately on the extension of the railroad 
into Iron River ore shipments were made from the Iron River 
and Nanaimo mines. 

Shortly after this time John S. MacDonald of Fond du 
Lac, Wisconsin, but now of Minneapolis, believed that a char- 
coal furnace would be a success in Iron River, as there ap- 
peared to be an unlimited quantity of iron ore and hardwood. 
Accordingly, in 1885, the work of erecting a sixty ton fur- 
nace was commenced and in 1886 was ready for operation. 
A number of charcoal kilns were erected near the furnace and ' 
also along the county ro5d, on the farm now owned by M. 
B. Waite. The furnace from the start did not prove a pay- 
ing proposition and in two or three years was forced into 
idleness, in Which condition it remained until 1905 or 1906, 
when it became the property of PaulN. Minckler, who dis- 
mantled it and made it into a sawmill. 

The Nanaimo and Iron River mines continued to ship 
ore until 1891, when thfe Nanaimo was closed down and re- 
mained closed until 1904. It was then reopened by the Min- 
eral Mining Co. The Iron River mine shipped 1,176 tons of 
ore in 1892, was closed down and remained closed until 1903, 
when it was taken over by the Oliver Iron Mining Co., and 
has become a large producer. 
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For several years after the closing down of the above 
mentioned mines no operations were (X)nducted in the Iron 
River district, particulary from 1893 ^^ ^^9^ inclusive, owing 
to the low grade of the ore and the prevailing hard times. 

The homestead law was also a determining factor in prej 
venting the development of the district. As the question of 
title was at stake no mining company cared to expend any 
money in exploratory work without knowing in whom the 
title to the land rested. As rapidly as the ownership to the 
land was settled exploratory operations became more num- 
erous until at present there is not another district in the en- 
tire Lake Superior region of similar area that can boast of 
so many mining companies in operation. 

Following the opening of the Nanaimo and Iron River 
mines, came the developing and opening up of the Sheridan, 
Hiawatha, Dober, Baltic, Caspian, James, Young, Baker, 
Fogarty, Berkshire, Chathams, Zimmerman, Chicagoan, and 
Davidson mines. Besides there are a number of promising 
explorations which will within the next year or so be added 
to the shipping list. 

The following well-known companies are now actively 

engaged in the Iron River district : 

Oliver Iron Mining Co. Republic Iron & Steel Co. 

Verona Mining Co. Davidson Ore Mining Co. 

Corrigan, McKinney & Co. Jones & Laughlins Co. 

Oglebay, Norton Co. Mineral Mining Co. 

Rogers Brown Ore Co. Florence Iron Co. 

Youngs Mining Co. Wickwire Steel Co. 

Cleveland-Cliffs Iron Co. Michigan Iron Co. 

Iron River Ore Co. 

Of these fifteen companies, seven are already shippers and 

have been for a number of years. The future of the Iron 

River district never looked brighter than at present. 
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DESCRIPTION OF MINES ON THE MENOMINEE 

RANGE. 

THE OLIVER IRON MINING COMPANY. 

Chapin Mine. 

The Chapin Mine is located in Iron Mountain, Michigan, 
and is a property of the Oliver Iron Mining Company, and 
has been in operation since 1879. 

The Chapin has three shafts, the "B" Chapin, No. 2 Ham- 
ilton and "C" Ludington. "B" Chapin is at this time idle 
on account of alterations being made to its hoisting plant. No. 
2 Hamilton, since the sinking of "C" Ludington was com- 
pleted, has been used for hoisting and lowering men and tim- 
ber only. Pumps are also located on the'i2th and i6th levels 
of this shaft, which, until the Cornish pumping plant was 
placed in operation, were used for pumpkig all the coming wa- 
ter in the Chapin Mine. 

Since the date of the last meeting of the Institute on the 
Menominee Range (1905), a few changes have taken place 
in the way of equipment at the Chapin, which might here be 
briefly described. The sinking of "C" Ludington shaft has 
been completed. At this shaft the entire product of the mine 
is hoisted, and here, also, the greater portion of the pumping 
from this property is carried on. '*C" Ludington shaft is 10' 
4" by 21' 3"; is steel lined and has a depth of 1,522 feet, or 
is down to what is known as the 17th level. The shaft has 
two skip compartments, each S'x6'; one cage, 5'xio' 4", and 
one compartment 9' 3"xio' 4", used for ladderway, pump 
columns, air lines, electric wires, etc. Two five ton skips are 
operated in this shaft; the product of the mine being hoisted 
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from what is termed the 14th, or main working level, and 
which is located 1,201 feet from the surface. The equipment 
at "C" Ludington shaft consists of one 34x72 inch single du- 
plex first motion Corliss hoisting engine, operating single 
drum, 12' diameter, 10' face, grooved for i^" rope and is 
used as a skip hoist, and one 30x60 inch simple reversible 
Corliss hoisting engine, geared to one 12' drum, 10' face, 
grooved for i}i" rope, and used as Cage hoist. Electric gen- 
erator plant for operating underground eJectric haulage con- 
sists of one 100 K. W. direct current, 250 volt, 400 ampere 
belt driven generator, driven by I4"x36" Corliss engine, and 
one two unit, three bearing induction motor generator set, 200 
K. W- 250 volt, 800 ampere. The boiler plant consists of 
four 72"xi5' horizontal tubular boilers. As all the machinery 
described above is operated with compressed air, this plant is 
used only in case of emergency. 

At this shaft there has also been installed, and is now in 
operation,- a Cornish pumping plant, which, some 15 years 
ago, was located in "D'' shaft Chapin Mine. This plant may 
be described as a Steeple Compound engine with high pressure 
cylinders 50 inches diameter, low pressure 100 inches diam- 
eter, stroke 120 inches and fly wheel 40 feet in diameter, 
weighing 160 tons. The pump is of eight-lifts construction, 
six sets each 192 feet apart and two sets each 170 feet apart. 
Plungers and discharge column 28 inches diameter, pump rods 
7" and 8" diameter. Capacity of pumping plant 3,000 gallons 
per minute from depth of 1,500 feet. For operation of the 
pumping plant, there have been installed six 72"xi8' horizon- 
tal tubular boilers. The building containing these boilers is 
one of the standard type of the Oliver Iron Mining Company. 

Chapin Mine Compressor Plant. 

Mention might also here be made of the Chapin Mine air 
compressor plant, located at what is known as the Upper Quin- 
nesec Falls, on the Menominee River, about three miles south- 
east of the mine. This plant was installed in the year 1882. 
During the years 1903 and 1904, and subsequent to this time, 
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some changes were made in the plant, one of which consisted 
of building a steel flume to replace the wooden flume origin- 
ally built. This new flume has a length of 382 feet, is 16 feet 
deep and 22 feet wide and is supported by 72 concrete piers. 

New air cylinders of the Corliss valve type, have also been 
installed, three pair being 34"x6o", and one pair 38"x6o" in 
size, replacing three pair 34"x6o" and one pair 36"x6o" of 
the old poppet valve type. Each pair of the cylinders are 
driven by 50" special double horizontal turbines. A pipe line 
24" in diameter, conveys the compressed air to the mine a dis- 
tance of 16,665 f^^- This pipe is built in lengths of 58 feet 
each, the material being riveted wrought plates 34" in thick- 
ness. At the present time, all machinery at the Chapin Mine, 
with the exception of the Cornish pumping plant, is operated 
by compressed air. 

Aragon Mine. 

The Aragon is another of the Oliver Iron Mining Com- 
pany's properties, and is located in the City of Norway, Mich- 
igan. This mine is operated by two shafts, Nos. 4 and 5. 

No. 4 shaft has a depth of 991 feet. It has three com- 
partments, two for skips and one for pipes, ladderway, etc. The 
equipment at this shaft consists of one 2o"x42" simple duplex 
first motion, hoisting engine, operating two drums each 6 feet 
in diameter with 9 foot face. One Corliss cross-compound 
steam, single-acting, four stage air compressor, steam I2"x 
22^x30", air 2o"xi2"x7>^"x454"x3o", providing air for 
pneumatic haulage plant in use at this mine. One simple 
steam, three stage tandem ^ir compressor, steam I4"xi6", air 
io^"x7j4"x35^"xi6", first installed for furnishing air for 
pneumatic haulage, now used as relay only. One 173^ K. W. 
direct current, 125 volt, belt driven generator for lighting 
purpose on surface. The boiler plant at No. 4 consists of 
three 264 H. P. Babcock & Wilcox water tube boilers. 

No. 5 shaft has a depth of 1,052 feet and has four com- 
partments, two compartments for skips of five-ton capacity 
each, one for cage and one for pipes, ladderway, etc. On the 
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nth level at this shaft are located two i8"-28"-47"-i2"x24" 
triple expansion pumps. The equipment on surface here con- 
sists of one 28"x6o" simple duplex, first motion Corliss hoist- 
ing engine, connected to two 12 foot drums — each 9 foot face 
and used for operating two five-ton skips. One 24"x42" sim- 
ple Corliss hoisting engine, geared to one 12 foot drum, diam- 
eter of face 5J4 feet and used for operating cage. There are 
also located at No. 5 shaft two compressors, one tandem com- 
pound, two stage, steam i8"x36", air 2o"x32"x36". One 
straight line simple two stage air compressor, steam 2o"x26", 
air 22"xi4"x26". The boiler plant consists of two 264 H. P. 
and one 400 H. P. water tube boilers. 

Since the last meeting of the institute, a new machine, 
blacksmith and carpenter shop has been built in close prox- 
imity to No. 5 shaft. A new laboratory, a changehouse with 
capacity for 350 men, saw mill, oil house and captain's office 
have also been erected. Old buildings of same nature as tljose 
.mentioned, were formerly located near what was known as 
No. 2 shaft. This shaft has been abandoned on account of the 
ground caving, which also made necessary the construction 
on a permanent site for the buildings above noted. 

Mansfield Mine. 

The Mansfield is the property of the Oliver Iron Mining 
Company located at Mansfield, Iron County, Mich., about sev- 
en miles east of Crystal Falls. 

Geologically, the Mansfield ore body stands aloiie. It is 
not of the same age as the Amasa, Crystal Falls or Iron River 
ore bodies nor the ore bodies at Iron Mountain and east. It 
lies in a thin slate formation, ibove and below which is green- 
stone. There are other slates east of the Mansfield mine which 
are of the same geological age as the Mansfield slate, but they 
are not so enclosed by greenstone. The ore body strikes near- 
ly north and south and dips west at a high angle. 
It is about eleven feet thick, and very uniform, and 
is fairly persistent with depth. It is spoken of by many as 
a true fissure vein, and looked upon as an eruptive, but the 
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ore was concentrated in exactly the same way as were the oth- 
er iron ore bodies of Michigan. Elsewhere the Mansfield 
slates have not produced ore. 

The mine is operated by one shaft, known as No. 2, and 
has a depth of 1,390 feet. It is vertical and has three com- 
partments, two for skips and one for ladderway, pipes, etc. 
The skips in this shaft are suspended from single deck cages, 
which are used for hoisting and lowering men. The equip- 
ment here consists of one 28"x48" simple reversible Corliss 
hoisting engine, geared to two dnims, each 10 feet in diam- 
eter with 6j4 foot face. One simple duplex slide valve, two 
stage air compressor, steam i8"x24", air 2834 "xi 734 "X24". 
The boiler plant consists of three 72 "x 18 ft. horizontal tubular 
boilers. 

Michigan Mine. 

The Michigan is located at Amasa, Iron County, Mich., 
and is operated by the Oliver Iron Mining Company. 

This property is in the same geological formation as is 
the Dober. To the East, which would be in its footwall, is 
a magnetic slate which can be readily traced with the mag- 
netic needle, though the magnetic dip is not large. This slate 
is in the footwall of the Hemlock and Gibson also. East of 
the magnetic slate is the Hemlock greenstone. The Michi- 
gan formation dips west at a high angle and the strike is near- 
ly north and south. The ore is high in phosphorus, as are 
the other ores of the same formation. The mine is operated 
through one shaft, known as No. 2. This shaft is incline 
and has three compartments, two for skips and one for lad- 
derway, pipes, etc. The equipment at this shaft consists of 
the following: One I2"xi4" simple duplex slide vaWe rever- 
sible hoisting engine, geared to drum 6 feet in diameter with 
face 4' 8", one straight line, simple steam, single stage air 
compressor, steam and air cylinders I2"x30" and one 250 H. 
P. water tube boiler. 

Dober Mine. 

The Dober mine is operated by the Oliver Iron Mining 
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Company and located at Stambaugh, Iron County, Michigan. 

The Dober formation strikes west of south and is nearly 
vertical. It has a black slate footwall, as have all the other 
mines of the Iron River area. It is separated from the Isa- 
bella ore body adjoining the Dober on the north by a black 
slate. It is, however, possible that future work will show that 
the Isabella and Dober formations are really one, and that 
their present apparent relations are due to folding. The Dob- 
er ore body lies in a formation which is geologically younger 
than the slates, in which are found the ore bodies at Iron 
Mountain and east. Like other ore bodies of the Iron River 
area, the Dober is high in phosphorus. It is difficult to say 
what part the black slate footwall played in the concentra- 
tion of ore, but since every mine in the area has black slate, 
either in foot or hanging wall and sometimes both, it is quite 
evident that the presence of black slate is almost a necessary 
condition for a mine in the Iron River area. 

There are two shafts in operation at Dober mine: Nos. 
I and 2. No. 2 is incline, has three compartments and is^ 
down to a depth of 685 feet. Two four-ton skips are operated 
in this shaft. The equipment at this point consists of one 
i8"x48" simple single reversible Corliss hoisting engine, 
geared to two drums each 8 ft. in diameter with 5 ft. face and 
one simple duplex Corliss, two stage air compressor, steam 
i8"x3o", air 28"xi8"x3o". No i shaft has one compart- 
rnent only and is down to a depth of 800 feet, equipped with 
cage for hoisting and lowering men. The cage is also used 
for hoisting some ore with car. The hoist for operating this 
cage is described as one i8"x24" simple duplex slide valve 
reversible engine, geared to one drum 6 ft. in diameter with 
6 ft. face. One boiler plant provides steam for equipment at 
both shafts above described, and consists of three 250 II. P. 
water tube boilers. 

CuNDY Mine. 

The Cundy is the property of the Oliver Iron Mining Com- 
pany and is situated at Quinnesec, in Dickinson County, Mich- 



23 DESCRIPTION OF MENOMINEE RANGE MINES 

igan. This mine is located in what is generally known as 
the Curry member of the Vulcan iron bearing formation, de- 
spite the fact that most of the ore Ixxlies east of Iron Moun- 
tain are in the Traders' member. The dip of the ore body is 
about 70 to 80 degrees toward the south, which is away from 
the dolomite, although the Chapin dips to the north toward the 
dolomite. The ore is hard and lean, and shows the f ragmen t- 
al nature more plainly than is common along the range . The 
ore body carries a considerable amount of magnetite. 

Two shafts are located on this property; one known as 
the "Gray,'* and the other the "Foote," the former 495 feet 
and the latter 615 feet in depth. The equipment at the Cundy 
mine consists of one 24"x48" simple, non-reversible, Corliss 
hoisting engine geared to two drums, each 8 feet in diameter 
with 65^ foot face, and three 72^x20' horizontal tubular 
boilers. This property was closed down in October, 1903, 
and has not been in operation since that date. 

O. C. Davidson, Iron Mountain, Mich., is general super- 
intendent of the properties operated by the Oliver Iron Mining 
Company. 

THE MUNRO IRON MINING COMPANY. 

The Rogers Mine. 

The Rogers Mine, located on the N. E. 34» Section 29, 
43-34, is under lease to the Munro Iron Mining Company. The 
property has been partially explored by diamond drilling. A 
concrete shaft sunk by the Foundation Company is now down 
to ledge and the active development of the property will soon 
be started. The concrete part of the shaft has a circular ex- 
terior with 16' 6"xii' o", rectangular interior, which will be 
divided into two skip roads, a cage road and pipe and ladder 
compartment. No permanent equipment has yet been in- 
stalled. 

The Chicagoan Mine. 

The Chicagoan Mine is located on the Northeast quarter 
of Section 26, 43-34 about seven miles east of Iron River and 
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is operated by the Munro Iron Mining Company. Although 
first explored in 1881 the property was not brought to the 
shipping stage until this season. The old exploring shaft has 
been sunk to a total depth of 540 feet and the ore measures 
explored by three main levels, the 2nd, 3rd and 5th. The 
sub-level stoping system of mining is used. The mine is 
equipped with three 150 H. P. boilers; one No. 8 crusher, and 
temporary air compressors and hoist. Total shipments to 
August 1st 70,000 tons. 

The Hiawatha Mine. 

The Hiawatha Mine, located on the S. W. % of the S. E. 
^, Section 35, 43-35 is owned in fee by the Munro Iron 
Mining Company who began work on the property in 1906. 
The shaft has been sunk to a total depth of 790 feet with 
levels approximately one hundred feet apart, the seventh or 
bottom level being at a depth of 757 feet. The sub-level stop- 
ing system of mining is used to a large extent. The surface 
equipment consists of four return tubullar boilers, 22"x48" 
Allis Chalmers first motion hoist with 7 ft. drum, 2,000- ft. 
Nordberg cross compound air compressor, McEwen D. C. 
generator, and a No. 8 McCully crusher. Tramming is done 
by electricity. The mine is provided with a one 1,200 gallon 
Prescott crank and fly wheel pump and one 1,000 gallon Pres- 
cott triple expansion pump. The yearly output is about 130,- 
000 tons. Total production previous to 191 1, 614,496 tons. 

' The Munro Mine. 

The Munro Mine located one and one-fourth miles west 
of Norway on Secition 6, 39-29 is leased by the Munro Iron 
Mining Company. Mining is by the open pit milling system. 
Owing to the low grade of the ore, only a limited product is 
desired. Total production to date, 298,578 tons. Equipment 
consists of two 150 H. P. return tubular boilers, geared hoist 
and straight line air compressors, and a No. 7^ crusher. 

G. L. Woodworth, Iron River, Mich., is in charge of the 
several properties of this company. 
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THE DESSAU MINING COMPANY. 

This ccMnpany operates the Millie Mine located on the N. 
E. 34 of the N. W. % and the N. W. H of the N. E. % of 
Section 31, Town 40, Range 30. This mine was first opened 
in the early eighties and has shipped to January first 368,267 
tons. This pro<luct with the exception of 113,650 tons, mined 
from an open pit at the west end of the property, was a high 
grade Bessemer ore. The Main shaft is 350 feet in depth. 

S. J. McGregor, Iron Mountain, Mich., is in charge of 
the property. 

LORETTO MINE. 

Located in Section 7, T. 39 N., R. 28 W., between the 
northern and southern belts of dolomite. Operated by the 
Lx>retto Iron Company. As the Sturgeon River formerly 
passed over the ore body, mining was conducted by the room 
and pillar system to a depth of 800 feet. In 1908 the course 
of the river was diverted to the west of the ore body and op- 
erations since that time have consisted of mining out the pil- 
lars by the top slicing system. There are two shafts in use, 
No. I hoisting shaft 6x12 feet, 800 feet deep and No. 3 timber 
shaft 8x10 feet, 300 feet deep. The boiler plant consists of 
two 76"x2o' and 72^x20' horizontal tubular boilers, and one 
10' 6"xi2' 6" Scotch marine boiler. The mechanical equip- 
ment consists of one Bullock 2i"x36" direct acting flat rope 
hoist, one Webster, Camp & Lane io"xi4" geared hoist, one 
i6"x3o" and 3o"xi9"x42" cross compound Rand compressor 
and a io"xi8" and Iij^"x7"x5>^"x3^"xi2" Laidlaw- 
Dunn-Gordon high pressure air compressor. 

Appleton Mine. 

Operated by the Loretto Iron Company and included in 
the description of the Loretto Mine. J. Ward Amberg of Chi- 
cago is manager. 

COJRRIGAN, McKINNEY & CO. 
Several of the mining companies operating on the Menom- 
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inee range, particularly in Iron County, are undA' the control 
of Corrigan, McKinney & Co. The active mines at the time 
of the Institute meeting were the Tobin, Dunn, Armenia and 
Tully; the idle mines were the Great Western, Crystal Falls, 
Kimball, Fairbanks and Baker. The Operations are under the 
charge of Wm. J. Richards, general superintendent. Crystal 
Fal:s, Mich. 

ToBiN Mine. 

The Tobin Mine has been opened to a depth of i,ioo feet, 
mining now to the eleventh level. From this level a winze has 
been sunk another 125 feet and crosscutting is now in prog- 
ress to the shaft, thus making the twelfth level. This mine is 
electrically equipped, having electric haulage on the stxxkpile 
and underground. The main shaft is 6' 6"x22' inside meas- 
urements, and four compartments. The main hoist is a twin 
Corliss Nordberg 2o"x48", first motion. The man and timber 
hoist is a Marinette i6"x2o", geared. The compressor is the 
Rand Imperial type of twenty-five drill capadty. The boilers 
are horizontal return tubular, four in the battery, with a to- 
tal of five hundred horse power. At this plant the Green Fuel 
Economizer has been installed. Underground the water is 
handled by a Prescott triple expansion pump of 750 gallons 
capacity, with a Prescott compound of 500 gallons capacity 
as a relay. All the ore hoisted is crushed. 

 Dunn Mine. 

The Dunn is one of the oldest mines in Iron County. The 
bottom level is the eleventh, at a depth of 1,420 feet. The 
shaft is three compartment, 6' 4"xi6' 4" inside. All ore hoist- 
ed is crushed before going on the stockpiJe or into the cars. 
The hoist is of the Sullivan Corliss type 2o"x48", first mo- 
tion. A new compressor made by the Chicago Pneumatic " 
Tool Company was recently installed, and is a Corliss two 
stage design, 2o"x34" steam, I7"x28" air, with piston stroke 
of 36", or a drill capacity of about 25 machines. This mine 
has underground electric haulage and also electric haulage for 
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Stocking on surface. The boiler battery consists of horizontal 
return tubular boilers, three of 150 horse power each and 
one of 125 horse power. The underground water is Iwndled 
by a Prescott compound pump of 500 gallons capacity. 

Armenia Mine. 

The Armenia mine is now working on the seventh level 
or a total depth of 690 feet. The shaft is 6' 4"xi6' 4" inside, 
four compartments. The main hoist is a Fraser Chalmers, 
22"x48", geared type. The man and timber hoist is a Marinette 
i8"x24". This mine has a crusher equipment and all its ore is 
crushed. A Rand duplex two stage compressor furnishes air 
for twelve machines. The boiler plant consists of three 150 
horsepower horizontal return tubular boilers. The mine wa- 
ter is handled by a Prescott triple expansion pump with a 
capacity of 1,000 gallons at 1,000 feet. The haulage equip- 
ment at this mine, both underground and on top, is electrical. 

Great Western Mine. 

Although the mine is at present idle considerable activity 
prevails on surface. At this mine is located the general shops 
of the Corrigan, McKinney & Co. group, the general store 
house, and the general office. Hence, a fair force is kept con- 
tinually engaged here. 

TuLLY Mine. 

The work at the Tully consists in sinking a shaft from 
surface through the overburden of 160 feet to the ledge. Tliis 
work is almost finished, after sinking through 80 feet of 
hard pan, then through 80 feet of quicksand and handling i,- 
200 gallons of water per minute. This mine, as well as all 
the idle mines of the Corrigan, McKinney & Co. control, has 
complete surface equipment. 

THE FLORENCE MINE. 

Located on a hill northwest of the village of Florence, 
Wisconsin, covering the N. E. ^ of S. E. 34 and S. E. Y^ of 
N^ E. 34 of Section 20 and the N. W. ^ of S. W. J4 of Sec- 
tion 21 in Township 40 North, Range 18 East, 



LAKE SUPERIOR MINING INSTITUTE 28 

The ore is a medium hard, red hematite. The formation 
is very wide; slightly bowed and folded. The ore occurs in 
large lenses of irregular shape. It is mined by the under- 
hand stoping system, milling into raises from below. Floor 
pillars are left every second level which are afterwards blasted 
out. This leaves very large stopes some of which are 250 
feet long, from 50 to 150 feet wide, and 200 feet high. In 
the old part of the mine, these stopes are being filled with sand 
in order to mine the pillars which contain a large amount of 
good ore. The sand filling is done with a Bagley Steam 
Grader operated by three men. This grader handles more 
dirt in twenty-four hours than would be possible with a steam 
shovel working under similar conditions. The tramming un- 
derground is done by three electric motors working on 500 
volts, direct current. The deepest level is 670 feet. 

The main items of interest at the mine is the crusher plant 
which is a • No. 7 Gates, set on a concrete foundation . 
The ore being elevated by means of a belt elevator and 
trammed to the stockpile with an electric motor in the winter 
time. In the summer time, the ore is emptied directly into the 
pockets from the elevator. The mine has been closed since the 
first of June, this year. 

Felix A. Vogel, 25 Broad street, New York city, is the 
general manager; E. S. Dickinson, superintendent, and Ed- 
ward Larson, assistant superintendent. 

BRISTOL MINE. 

The Bristol mine is located in the E J/^ of the S J^ of 
Section 19-43-32 about ij4 miles from the city of Crystal 
Falls. The mine was originally called the Claire, but was leased 
in 1889 by the Bristol Mining Co. and renamed the Bristol. 
The first shaft was 960 feet deep and is being replaced by a 
steel lined 4-compartment shaft, which will be put down to a 
depth of 1,000 feet. A Webster, Camp & Lane hoist and a 
Norwalk tandem compound compressor are the equipment at 
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the old shaft. Two grades of ore are shipped ; the Manganate 
ore containing over 3 per cent, manganese, and the Bristol 
running higher in iron and lower in manganese. Total output 
to January ist, 191 1 is 2,456,109 tons. 

E. W. Hopkins is General Manager and Ar\'id Bjork, 
Superintendent. 

BUCKEYE MINE. 

The Buckeye mine is located in Section 33-40-18 in the 
Wisconsin portion of the Menominee Range, in the Town 
of Common\vealth. It is worked by the Reser\'e Mining Co. 
under a lease from the Commonwealth Iron Co. and was 
Oldened in 1908. The shaft is down 495 feet and four levels 
have been opened up. The hoisting plant is the Sullivan auto- 
matic slide-valve type, the compressor a Sullivan straight 
line Corliss. During the last year the mine buildings have 
been rebuilt and the equipment is very complete. The total 
production to date is 187,775 tons. , 

E. W. Hopkins is general manager and Frank J. Smith, 
superintendent. 

BRULE MINING COMPANY. 
Chatham Mine. 

The Chatham Mine is located in the N. E. ^4 ^f the S. 
E. yi of Section 35, 43-35 in the village of Stambaugh in 
the Iron River district, and is operated by the Brule Mining 
Company. A Sullivan automatic slide valve hoist has been 
recently installed. The compressor is a Sullivan straight line 
Corliss. The mine is operated from two shafts, one on each 
side of the Iron River; No. i having a depth of 700 feet 
arid No. 2 a depth of 300 feet. A great deal of pumping is 
necessary owing to its close proximity to the river. 

Berkshire Mine. 

The Berkshire Mine is located in Section 6, 42-34 in the 
village of Stambaugh in the Iron River district. The mine 
was openied in 1908 by ^ the Brule Mining Company. The 
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workings are operated from a single shaft which has a depth 
of 365 feet. A Sullivan automatic slide valve' hoist has .t>e€n 
recently installed, and air for drills is furnished. by a Sullivan 
straight line corliss compressor. Total production to date is 
about 200,000 tons. * -; 

E. W* Hopkins, Commonwealth, Wis., is general manager 
and F. D. Klinglund, Stambaugh, Mich^j superintendent. 

GROVELAND MINING COMPANY. 

In 1 88 1 exploring was begun on what is known as the 
Groveland Mine, located in the >{. E. J4 c^f S. W. % and N. 
W, y^ of S. E. ^, Section 31, 42-29, Dickinson County^ by 
the Felch Mountain Mining Company, a subsidiary of the 
Old Menominee Mining Company, and continued by them un- 
til 1885 when it was abandoned. The work consisted of pits, 
trenches. and shallow drill holes. In 1887 W. H. Rand of 
Chicago organized the Groveland Mining Company, and 
equipped the property for active mining. A small shipment of 
ore was made to Joliet, Ills., in 1888 and again in 1889. The 
ore being too low grade to be disposed of at this time, ship- 
ments were stopped and exploratory work carried on until 
1892 when the company suspended operations. It remained 
closed until 1901 when it was reopened by Corrigan, McKin- 
ney & Co^ and abandoned by them in 1905. In 1907 it was 
again opened by G. W. Youngs who organized the present 
Groveland Mining Company, the present operators. Shipments 
of ore have been made for the past four, years without inter- 
ruption and to date the mine has shipped about 140,000 tons. 
The equipment consists of four 60 H. P. boilers, one I2"xi6" 
Lake Shore Engine Works geared hoist, one 2o"xi63/2"x28"x 
24" Franklin compressor and one No. 7^ Gates crusher. F. 
W. Youngs of Iron River is superintendent. 

McDonald mining company. 

The McDonalld Mine is located in the S. E. 34 <>f ^he N. 
E. 34 Section 23, 43-32 in the Crystal Falls district and- lies 
north of the Armenia Mine. The property is in its develop- 
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ment stage, a I2'x8' shaft is being sunk its present depth be- 
ing 318 feet. Work was started in 1908, and in 1909 a small 
cargo was shipped. Ore lenses of a very encouraging nature 
have been found above the 300 foot level which are widening 
with depth. The equipment consists of two 150 H. P. hori- 
zontal boilers, one I2"xi4" geared hoist and one i6"xi4"x24" 
XI 8" Franklin air compressor. F. W. Youngs, Iron River, is 
superintendent. 

HURON IRON MINING COMPANY. 

The Youngs Mine is located in the E. J^ of Section 12, 
42-35 in the Iron River district and adjoins the Baltic Mine 
on the west and the Fogarty on the south. The property was 
opened in 1905 by G. W. Youngs and 1 1,000 tons were shipped 
that year. In 1907 it was sold to the Huron Iron Mining 
Company, the present operators. It has one working shaft 
425 feet deep, through which a four-ton skip is operated. 
The equipment consists of three 150 H. P. horizontal boilers, 
one i5"x2o" Lake Shore Engine Works geared hoist with 
6 foot drums, one Ingersoll Rand 15 drill compressor and 
one No. 7^/^ Gates crusher. F. W. Youngs is superintendent. 

PEWABIC COMPANY. ' 

This company operates the Pewabic Mine near the City 
of Iron Mountain. It is one of the oldest companies on the 
Menominee Range, and in point of total shipments is the third 
largest producer. The Pewabic includes the old Walpole and 
KeeL Ridge Mines. The local office of the company is at 
Iron Mountain. Mr. E. F. Brown is manager and W. G. 
Munroe assistant superintendent. 

MINERAL MINING COMPANY. 

The general mine office of this company is at Iron Moun- 
tain, Michigan, and E. F. Brown is secretary and general 
manager. The operations of this company at the present time 
consist of the following mines: 

Wauseca Mine — N. J/2 of N. E. ^, Section 23-43-35. 
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OsANA Mine— S. W. J4 of N. E. yi and S. E. >4 of N. 
W. >^, Section 23-43-35. 

Nanaimo Mine— N. W. J4 of S. W. J4 and S. W. J4, 
of S. W. %, Section 26-43-35. 

Breen Mine— N. W. J^ of N. E. ^, N. W. J4 of N. W. 
J4 and N. E. 'j4 of N. W. J4, Section 22-39-28. 

ANTOINE ORE COMPANY. 

This company is operating the Clifford-Traders Mine, lo- 
cated on Sections 17 and 20, Town 40, Range 30, near Iron 
Mountain. The mine is worked open pit and the present 
depth of the shaft is 135 feet. The ore is crushed before 
being shipped, a No. 73^ Gates crusher handling the product 
as mined. Frank Carbis of Iron Mountain is superintendent. 

PICKANDS, MATHER & COMPANY. 

The operations of this company in the Lake Superior dis- 
trict, are under the charge of C. H. Munger, general manager, 
Duluth, Minn. The Menominee Range properties, tmder the 
charge of Charles E. Lawrence, general superintendent. Iron 
Mountain, consists of the following mines : 

BALTIC MINE. 

The Baltic mine is located on the W. J^ of the N. W. % 
of Section 7, Town 42, Range 34. The ore is a brown 
hematite, and is mined by the sub-stoping method. The mine 
is thoroughly equipped with machinery, has forty-four dwel- 
lings and a modem fireproof dry house, equipped with steel 
lockers, baths, toilets and emergency hospital. It also has a 
club house for the benefit of the Company's employees, which 
is equipped with bowling alleys, baths, barber shop, pool' and 
billiard room with a large and well lighted reading room, is 
stocked with papers and magazines, together with a grapho- 
phone and pianola. The mine is opened to the 7th level, 585 
feet vertical depth, and is operated through two shafts, one 
being used for ore and the other for the handling of men 
and timber. The first shipment of ore was made in 1901 
and the mine is the pioneer of the district around Palatka. 
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FOGARTY MINE. 

The Fogarty mine is located on the S. E. 54 of the S. E. 
yi Section i, Town 42, Range 35. The ore is a brown hema- 
tite, and like the Baltic is mined by the sul>stoping method. 
The property is fully equipped with machinery and has a fire- 
proof dry house with steel lockers, baths and emergency hos- 
pital. The mine is opened to the 3rd level, at a depth of 
265 feet vertical, and is operated through two shafts, one for 
the handling of ore and the other for the handling of timber 
and men. The first shipments were made in 1907. 

CASPIAN MINE. 

The Caspian mine is located on the N. E. % of S&tion 
I, Town '42, Range 35. The ore is a brown hematite, and 
the method of mining is the slicing or caving system. The 
property is thoroughly ecjuipped with machinery. It has six- 
ty-eight dwellings, and the company is at present erecting a 
handsome and modern club house for the use of its employees. 
The mine is opened to the 3rd level, being 292 feet deep, ver- 
tically, and is operated through three shafts, one being for the 
handling of ore and the other two for men and timber. The 
first shipment was made in 1903. 

BENGAL MINE. 

The Bengal mine is located on the N. ^ of the *S. E. 
% of Section 36, Town 43, Range 35. The ore is a brown 
hematite. This property at present has merely an exploring 
shaft with an equipment of exploring machinery and buildings 
on surface. .A new shaft is being sunk, which, when com- 
pleted, will , be equipped with modern machinery. The work 
of exploring to date has been confined to one level. 

W. H. ]0ht is superintendent of the Baltic, Fogarty, Cas- 
pian and Bengal mines, all of which are located near Palatka, 
in the Iron River district. 

HEMLOCK MJNE. 

• f ' * 

The Hemlock mine is located on the W. j^ of the S. W. 
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34 of Section 4, Town 44, Range 33, near Amasa. The ore 
is a red hematite, extremely hard, and the back-stoping sys- 
tem is here appHed. The property is thoroughly equipped with 
machinery and mine buildings, among the latter being a mod- 
ern fire-proof dry house, with steel lockers, baths and emer- 
gency hospital. The Company has twenty-seven dwellings for 
the use of employees. The product is secured from one shaft, 
the mine being opened to the 14th level, at an angle of 65 
degrees, depth, 1,200 feet. The first shipments were made in 
1 89 1. C. W. Hughes is superintendent. 

CHANNING MINE. 

The Channing mine is located on the S. E. 34 of Section 
20, Town 45, Range 33, north of Amasa. The ore is a red 
hematite. The property has never been worked as a mine, 
although the ore body has been developed, ready for mining, 
but is of low quality. The mine is closed down at present. 
The equipment is of an'exploratory nature. R. G. Whitehead 
is superintendent. 

VIVIAN MINE. 

The Vivian mine is located on the S. W. J4 of Section 34, 
Town 40, Range 30, near Quinnesec. The product is a 
silicious ore, and the mode of miniog is back-stoping. The 
ore is secured through one shaft and the mine is opened to the 
4th level, at a vertical depth of 310 feet. The first shipment 
was made in 1902. The mine is ecj[uipped with necessary ma- 
chinery and mine buildings, together with five dwellings for 
employees. The property is closed at present. 

CALUMET MINE. 

. The Calumet mine is located on the N. E. ^ of Section 8, 
Town 41, Range 28, south of the Metropolitan district. The 
ore is silicious and the mode of mining is back-stoping. The 
product is secured through one shaft, and the mine has been 
opened to the 3rd level, at a vertical depth of 215 feet. The 
property is equipped with the necessary machinery and has 
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twenty-four dwellings. The mine is closed at present. The 
first shipment was made in 1906. 

PENN IRON MINING COMPANY. 

The Penn group of mines were developed in 1879-81 by 
the Menominee Mining Company and acquired by Penn Iron 
Mining Company in 1882. The total production to December 
31st, 1910, is 8,845,135 tons. The operations of the company 
are divided into three departments — East Vulcan, West Vul- 
can and Norway. 

EAST VULCAN MINE. 

At the East Vulcan there are two shafts. No. 4, 1,450 feet 
deep,^and No. 3, 1,150 feet deep, and the East Central adit 
which reaches some small ore bodies near the surface at the 
west end of the operations. The lai'gest of these has been 
connected below with drifts from No. 3 shaft. In this ore 
body the top stoping and caving method, from sub-levels, 
about fifteen feet apart, is used, but in most other parts of the 
mine where the ore body is very irregular in shape the ore 
IS taken out in over-hand stopes with square sets or stull pieces 
and generally filled with waste rock. In some cases the stop- 
ing is in the form of rooms and pillars. The mine makes from 
700 to 800 gallons of water per minute which is pumped from 
the bottom of No. 4 shaft. This property at the present 
time is producing at the rate of from 80,000 to 100,000 tons 
of ore a year. 

WEST VULCAN MINE. 

The West Vulcan department includes, from east to west 
— No. 7 shaft, 265 feet deep; C shaft, 1,500 feet deep; Cur- 
ry shaft, 1,350 feet deep, and Brier Hill shaft, 810 feet deep. 
Brier Hill shaft is circular in section, 14 feet in diameter, 
and lined throughout with concrete with steel dividers to hold 
the runners. The constructpn of this shaft is described in the 
Proceedings of 1909, Vol. XIV, pages 140-147. This de- 
partment is producing at the rate of between 200,000 to 250,- 
000 tons of ore a year. About 30 gallons per minute of wa- 
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ter is pumped from the bottom of the Brier Hill shaft and 
900 gallons per minute from the bottom of C shaft. There 
are steel head- frames over Curry and Brier Hill shafts and a 
fire-proof changing house with lockers and toilet arrange- 
ments at Brier Hill. 

The ore on the lower levels east of C shaft is being taken 
out by top slicing. In most of the other parts of the mine 
the system is by rooms and pillars, using square sets with 
rock filling in the rooms, and square sets, sometimes in side 
slices with filling, or top slicing in the pillars. The timber sys- 
tem is used where it is necessary to hold up the surface or 
where the rock over the ore will not cave. The irregularity 
of" some of the ore shoots is such that no caving plan will ap- 
ply. Where the walls are very strong shrinkage stoping .is 
sometimes used. The square set methods are described in a 
paper by F. L. Burr in another part of these Proceedings. 
The workings connecting the four shafts at different levels 
extend for over a mile from east to west. At both East and 
West Vulcan there are geologically two ore formations with 
slate of varying thickness up to four hundred feet between. 
In some cases the formations have been so folded as to appear 
in crosscuts to be duplicated. The ore is sometimes found in 
major folds, but sometimes the folding is of minor import- 
ance. Continuous exploring underground is required to trace 
the known ore bodies or discover new ones. Even in the larger 
ore bodies their continuance in depth is very uncertain. 

NORWAY MINE. 

The old Norway mine was idle for a number of years, 
but the pillars and floors are now being taken out and this 
will not take very long. Exploring by drifting underground 
and diamond-drilling from surface is being prosecuted. The 
old Cyclops pits are worked on an open pit milling system for 
silicious ore in the summer time. 

HYDRO-ELECTRIC PLANT. 

In 1905 and 1906 a hydro-electric plant was constructed 
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at the Sturgeon Falls of the Menominee River, and practically 
all of the mine machinery is, or soon will be, driven electric- 
ally. The steam pumps which were installed before the elec- 
trical pumps were put in are still in place and the engines of 
two of the hoists can still be connected, but the steam ma- 
chinery is now only for emergencies. No new steam en- 
gines have been installed since the electrical equipment was 
first started, except a steam turbo-generator to supplement 
the hydro-electric plant during low stages of water. The hy- 
dro-electric plant was described in a paper by T. W. Orbison 
and F. H. Armstrong in the Proceedings of 1908, Vol. XIII, 
page 177, and the machinery equipment of the mines is 
the subject of a paper by Mr. Armstrong which appears in 
another part of these Proceedings. No attempt has been made 
to tram with electric trolleys underground, as the ore is scat- 
tered between so many shafts and different levels that electric 
equipment for this purpose would not be justified. 

William Kelly, Vulcan, Mich., is general manager of the 
properties operated by the Penn Iron Mining Company. 

HOLLISTER MINE. 

This is what may be called one of the re-claimed mining 
prospects of the Crystal Falls district. At present mining is 
being done at a depth of 750 feet through a two-compartment 
exploratory shaft six feet by ten feet inside. The hoist is a du- 
plex Webster Camp and Lane, with six-foot .drum. The air is 
supplied by a Hall compressor, capable of running seven drill- 
ing machines. The surface is equipped with shops, etc. At 
the present time experimenting is being done with a dryer, 
for the purpose of eliminating as much moisture from the ore 
as possible. This dryer has a capacity of 300 tons per day; 
Frank Scadden, of Crystal Falls is in charge of the property 
which is operated by M. A. Hanna & Co. 

EXPLORATIONS. 

The following is a list of Explorations being carried on 
at the time of the Institute trip through the district : 
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The Republic Iron & Steel Co. — Operating two drills 
on the Sherwood, south of the James mine, section 23, 43-35. 

Jones & Laughlin Co. — One drill west of the James, on 
section 15, 43-35- 

Powers & Gary Exploring Co. — Operating one drill on 
the Aronson property, on section 23. 

The Munroe Mining Co. — Operating one drill on the 
Minckler property, also on section 23. 

The Iron River Ore Co. — Two drills on section 22, 

43-35- 

The Corrigan-McKinney Ca. — Operating one drill on 

the Carlson property, east of the Baker mine, section 31, 43- 

34. 

The Wickwire Steel Co. — Operating one drill on the 

Greig property, section 33, 43-35, one on the Purcell, section 

14, 43-35, and one on the McDonald property, section 24, 

43-35. 

The Cleveland-Cliffs Iron Co. — Three drills in opera- 
tion on sections 21, 22 and 23, 43-34. 

The Ollver Iron Mining Co. — Operating one drill on 
section 25, 43-34, east of the Chicagoan mine. 

The Blair & Gibbs Exploring Co. — Two drills in oj^era- 
tion, one on section 35, 44-36; one on 35, 43-34, and a test- 
pit crew on section 3, 43-36. 

The Michigan Mining Co. — Two exploratory shafts. 
. Section 36, 43-35 and section 6, 42-34. 
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MENOMINEE RANQE. 
Iron Ore Shipments (OroM Tom) for 1910 ind 

Name ot Mine. 1910. 

Alpha 

Antolne (Clifford) 91.081 

AraBon 241.046 

Armena 65.473 

Baker 39.417 

Baltic 171.930 

Berkshire 97,999 

Breen 

Bristol <Clalre) 270.742 

Calumet 

Chapln (Ludlngton) 465.543 

Caaplaa 171,334 

Chatham 51,988 

Columbia 

Commonwealth 89,116 

CryBtal FalU  

Cuff 

Cundy 

Dober (Rlverton) 84,269 

Dunn 136,144 

Eleanor (Appleton) 

Fairbanks (P't. R.) 

Florence 239.161 

Pogarty 51,071 

Forest 

Oeneeee (Ethel) 66,185 

Gibson 45.202 

Great Western 80.709 

Groveland 26.462 

Hqmlook 115.407 

Hawatha 128.884 

Hllltep 

Hollfster 49.434 

James '.'.'.. ..'.".'.... '.........'. '.'. 78.388 

Keel Ridge 

Kimball 

Lamont (Monitor) 3.183 

Lincoln 

Loretto .- 116,048 

ManBfleld 114.357 

McDonald 6,022 

Michigan 17,922 

Millie (Hewitt) 

Monongahela 

Munro 2C),022 

Nanalnlo -. 



Iron Mining Co 344,760 

Pewabic 380,376 

Qulnnesec 744 

Saginaw (Perkins) 

Sheridan 

Tobln 235,812 

Tully , 2,726 

Verona 

Vlv:an 14,827 

ToungB 98,399 

Zimmerman 25,S55 

Miscellaneous 

Total 4,237,738 

[From Iron Trade Sarlaw] 



Total to Date. 

Total to 
Date. 
1,370 

1,648,499 

6.077,327 

377t081 

84,420 

1,340,593 

135,734 

75,425 

2.456.109 

121.354 

17.649.477 

699,305 

181,427 

942.703 

2,600.900 

1.735.251 

58.419 

721.321 

2,195.146 

1,658,015 

18.719 

379,789 

2.957.180 

168.936 

11.988 

o37,624 

102,353 

1.952.937 

100.554 

1,705,225 

614.496 

20,229 

96.416 

23,530 

231.359 

93,101 

16.224 

658,524 

241,627 

1,311,068 

1,217,355 

7,166 

171,719 

368,267 

9.310 

298.578 

373,765 

35,810 

8.845.135 

7.317.165 

627,215 

502.985 

116,299 

1,630,549 

2,726 

130,976 

420.239 

473.784 

37,690 

1,057,306 

76,460,793 



LAKE SUPERIOR MINING INSTITUTE 



42 



o 



00 

o 
0> 



frtO rH 

o 



•^ CO 

CO la 

CO tH 



CO 
CO C<l 

00 ;o 

CO 



Oi 
CO 
W5 CO 

O CO 
tH iH 

CO 



O) CO 

» • 

O iO 
00 



CO 

00 
CO 



00 
CO 
CO 

T-i 

CO 

C<l 

Oi 



o 



CO 

o 



o W 



o 

hi 



o 
o 

o 
P 

CQ 



CQ 



Oi 
tH 

o 

H 
\a 

1^ Eh 
CQ 

;z; 

CQ Oi 






Q 



> 

H 

d 
o 

u 

'd 

00 

l-H 

03 

ee 
O 
08 

a 
a 
o 

o 



o 
O 



CO 
C<l 

OS ^ 
*-4 CO 



C<I 

^ 10 tH 



C<1 

CO 

O "««*< Oi 
C<l 



CO 

j^O^CO 

O 00 o 
OS 00 »H 
rH CO 



.00 

2 t- o 

^ UO tH 



C<l 

. \a cq 

S ^ '-< 



00 
CO 
t* OS 

t^ OS 

CO 



rH CO 
CO c4 

o 
c^ 



-^ tH 



10 

00 
CO "<^ 

00 



r-l 

cq CO 

» • 

00 <M 

o 



CO 

r-l CO 
OS o 

O 



00 

C<J 

t~ 00 

CO tH 
OS 



00 

00 
O CO 

OS CO 
O iH 
tH 



""il^r-J 

uf CO 
OS iH 



la cq 

tH CO 
00 



co 
cq 

00 

CO 



CO t^ 

OS 



co o 
\a o 

CO 



^ • 

00 OS 

00 

o 



CO 

uo 
00 -^ 

OS O 
OS rH 
CO 

cq 



OS CO 

t- 00 

CO 
CO 

CO 



00 
OS -^^ 



CO 
CO 



OS 



CO 
00 



OS 



CO 



C<l 00 

\a o 

O y-{ 
CO 



OQ 

a 
o 



8 

u 

Ol 



OQ 

a 
o 

HO, 



o 

(4 

0) 



OQ 

§ 



d 

0) 

u 

OP 

&4 



OQ 

d 
o 



d 
o 

0) 
04 



o 

CO 

r-l l> 
O CO 

OS 



00 

CO CO 

rH 
00 

c^ 



o 

CO CO 
t- CO 

\a CO 

CI 



OS 
OSrH 

OS CO 

cq 



cq 

00 
00 t- 

Cq rH 
OS CO 

CO 
C<I 



OS 
OS 
CO l> 

CO 06 

r-i 

o 



d 
o 
u 

Ph 



cq 

00 
CO oq 

0» 



OS 

CO 

•k 



CO fl 

■^ (-1 



0) OS ^ 

S rH C^ 
IH 

> 
o 



OS 
t- C<l 

00 



OS 

cq 



\a 



CO 

•^ 

rH Cq 
CO 



OS -» 00 wO 

CO ©00^ 

00 ^ OS CO 

CO S T' CO 

00 tL ^ <0 

<>q'' d > 

T»1 »-• o 



rH p, P CO 

0^00 

^ 00^ ^ 



oq 

00 
cq 



0) 



\a 



o^ 

^.^ 



OS 

CO CO 



OQ 

§ 



• d 

• o 

OQ 

d ^ 

o a> 



OS 

CO 

cq 



CO a> cq 

Cq Pi li ^ 

«*r d >• 



CO <D rH t» 

CO c» 55 

•"uT d > 
CO •-^ O 



bfi 
d 

OS 
0) 

d 
d< 

OS 



© 



d 




S 


d 


a> 


P^ 



d 


d 



a 






d 


a 

Pi 

0) 


;g 


> 



bO 

d 



OQ 

d 
o 

•a 



bO 

d 



OQ 

d 
o 

d 

OS 



•— ' "d ^ Z3 



.a 

0) 

bfi 
o 

O 



OQ 



o 

OQ 



43 MINUTES OF THE MEETING 



THE SIXTEENTH ANNUAL MEETING. 

TUESDAY, AUGUST 22, I9II. 

The Westerly end of the Menominee Range has, during 
the past few years, shown perhaps greater extensions in ore 
bodies, particularly in the so=-called Iron River District, than 
any other of the iron ranges in the Michigan field. Many 
new mines have been added to the list of producers and there 
is at the present time, much new exploratory work in progress. 
Diamond drilling and exploring shaft are found in new ter- 
ritory, some of which are very promising, while others have 
not progressed sufficiently to determine the ore measure. The 
State Geological Survey has given the Iron River District 
much attention and its work has been of great benefit to the 
explorer. The attendance at the meeting was assured, as the 
mining men have been foHowing the progress of this district 
with interest. Large sums have been expended in the explora- 
tion and opening of new properties, which were to be visited 
during this meeting. The attendance numbered 250 members 
and guests. 

The first stop made by the special train after lunch was 
at the Hollister, operated by M. A. Hahna & Co., Frank Scad- 
den. Manager. Much interest was shown in the ore-dryer 
in operation at this mine. The plant is of an experimental kind, 
and is 6 by 35 feet in size, made by the Atlas Company of 
Cleveland, Ohio. The moisture is reduced from 15 per cent 
to 6 per cent and 150 tons per day is being treated. The 
next stop was at the Tobin Mine of Corrigan-McKinney & 
Company, of which W. J. Richards, President of the Insti- 
tute, is General Manager. The Tobin is one of the largest 
mines in Iron County, is fully equipped ^nd produced 235,812 
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tons in 1910. From here the party was taken by automobiles 
to "Idlewild," the beautiful summer home of W. J. Richards, 
on the shore of Fortune Lake. A barbecue was the feature, 
prepared by the Commercial Club of Crystal Falls. 

EVENING SESSION. 

At eight o'clock the members met at the Court House 
where the business session was held. The meeting was opened 
by W. J. Richards, President, who extended a most cordial 
welcome on behalf of the Citizens of the Menominee Range. 
Mr. Richards stated that it was most gratifying to their local 
committee to have such a large attendance, considering that 
a number of the mines were at present idle, owing to the dull- 
ness in the iron and steel market. He called attention to the 
development in the Western end of the Range and spoke with 
much encouragement of the future prospects of the district. 
Mr. Richards then introduced Charles H. Watson of Crystal 
Falls, who delivered the address of welcome. Mr. Watson 
spoke in part as follows : 

Mr. President and Members of the Lake Superior Mining In- 
stitute : 

The citizens of Crystal Falls appreciate in the fullest meas- 
ure the high honor of being permitted to the best of their lim- 
ited ability, to entertain this convention of men who, in a 
large measure, are furnishing the brawn and brain for the 
development and operation of the greatest mining region ujK>n 
and in the surface of the globe. I have referred to the lim- 
itations under which my fellow citizens strive to this end, for 
it must be recognized that in a village of the size of our Crystal 
Falls, many limitations of necessity hamper the possibilities 
for the adequate accommodation and entertainment of a gath- 
ering of the proportions of the present meeting. We must 
ask you, therefore, to permit the breadth of our spirit of hos- 
pitality to compensate for any shortcomings along the line of 
our ability to demonstrate. We hope that during your visit 
to this part of the Menominee Range you will note that we 
have been contributing our fair share toward the develop- 
ment of this portion of the great Lake Superior basin. The 
very favorable conditions which have existed in the iron ore 
market during the years recently passed have induced capital 
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to explore for and develop some of the iron ore bodies which 
in prior years had been considered worthless. An abandoned 
field of a few years ago, through these market conditions, the 
energy of our local mining men and the business daring .of 
those whom they represent, has been turned into an active and 
productive district. The value of m^ny of these properties, 
however, remains for the future to prove. We, who live be- 
side some of these properties, for divers reasons have been in- 
clined to doubt their ultimate value under anything but the 
jmost favorable conditions, and really have never appreciated 
how highly important we were in dollars and cents until very 
recent expert advices have been received from Lansing. Seri- 
ously, however, even these advices we fear will have to stand 
the test of time and experience. 

Again, I desire to say, that we are under deep obligation 
to the Lake Superior Mining Institute. In the first place, we 
are indebted to you for having selected, last year, our well 
beloved fellow citizen, William John Richards, as your Pres- 
ident. This feeling was demonstrated at that time by a sump- 
tuous banquet which was tendered to Captain Richards to cele- 
brate his election to the presidency of this important body, i 
want, at this time, on behalf of the citizens of Crystal Falls 
and Iron County, to personally thank you for this honor. 

Stepping aside for the moment, from my capacity as a 
representative of the citizens of Crystal Falls, I think it should 
,be considered a fitting tribute to those not at all connected with 
the mining industry or the Lake Superior Mining Institute, 
who have contributed so liberally to the preparation for this 
meeting, to say on behalf of your president and those of us 
who are members of the Mining Institute and connected with 
the mining industry, that we appreciate their efforts in this 
behalf in the highest measure. 

It was the custom of. the ancients when friendly hosts ap- 
proached the gates of a city to cause the mayor or other execu- 
tive head thereof to render up the keys to the city in token of 
the hospitality of the citizens toward the visitors. Something 
symbolical of this has been the custom from time immemorial . 
On behalf of the mayor and the citizens of Crystal Falls, at 
this time, however, it is my high privilege to say to you that 
we have no keys to deliver — the keys have been de'posited in 
the deepest well within the city, the gates and doors have been 
unbarred and thrown wide open and in \Yelcome to you we 
bid you enter and help yourselves, 
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The first paper of the evening was by A. M. Gow of Du- 

]uth, Minnesota, on "Some Safety Devices of the OHver Iron 

Mining Company." In introducing this subject, Mr. Gow 

spoke as follows : 

Mr. President and Gentlemen of the Institute : In the mat- 
ter of Safety Devices, we, in this country are about fifty years 
ibehind time. The Steel Corporation woke up to this fact sev- 
eral years ago and since that time, the General Safety Com- 
mittee has been waking up the subsidary Companies. This 
General Committee consists of ten men and appoints all the 
sub-committees which visit the various works and mines of 
the Corporation to make recommendations and point out 
where conditions can be improved. There have been in the 
neighborhood of seven thousand recommendations made by 
the examining committee, looking to safety 'plans and over 
90 per cent of these recommendations have been accepted with- 
out any question. It is not to be expected that safety de- 
vices will prevent accidents altogether. Accidents will happen 
around a mine, even with the best protection to safeguard the 
men. I don't think you care to have me make any extended 
remarks on the rules and devices which have been put in, so 
I will ihow in a few pictures some of the plans and devices 
which have been put into effect for the safety of our employes. 

Mr. Gow's further remarks were in explanation of the* 
various devices for shops, mills and mines, which were dis- 
played by stereopticon views, and were followed with close at- 
tention by the members. A more detailed description accom- 
panies the views selected for publication. 

The next paper for the evening was by C. E. Lawrence 
of Iron Mountain, Michigan, on "Social Surroundings of the 
Mine Employe." This is a subject which is receiving very 
careful attention by mine managers in this section, and Mr. 
Lawrence has followed closely the results of the efforts of 
Pickands, Mather & Company, with which firm he is engaged 
as Superintendent of their Menominee Range properties. This 
concluded the reading of papers for this session. 

On motibn, the President appointed the following Com- 
mittees, the same to report at the next session : 

Committee on Nominations — W. H. Johnston, Ishpem- 
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ing, Mich.; W. H. Jobe, Palatka, Mich.; Graham Pope, 
Houghton, Mich. ; D. E. Sutherland, Iromvood, Mich. ; J. D. 
Ireland, Duluth, Minn. 

'Auditing Committee — J. B. Cooper, Hubbell, Mich.; C. 
E. Lawrence, Iron Mountain, Mich.; W. J. West, Hibbing, 
Minn. 

WEDNESDAY, AUGUST 23RD. 

Promptly at nine o'clock the party was conveyed by two 
special trains from Crystal Falls to the Iron River-Stambaugh 
district, stopping at the Baltic mine of Pickands, Mather & Co., 
which is briefly described on page 32. The Club house, erect- 
ed and maintained for the benefit of the employes of this 
company, was inspected. The building is complete in its 
equipment for a social club and is much enjoyed by the em- 
ployes. It is well patronized and has proven very successful, 
as it has attracted a desirable class of miners to the immediate 
locality. The village of Palatka, where the club is located, 
contains many attractive buildings and the grounds and 
streets present an appearance of neatness. 

The Youngs and Caspian mines were next visited, after 
which the party returned to Iron River where the James mine 
of the Mineral Mining Co. was inspected. This is a new 
property and is being equipped with substantial buildings 
and a steel head frame. Returning to Iron River, where lunch- 
eon was served on the trains, the members later met at the 
Opera House where a business session was held at 2 o'clock. 

The first paper presented was on the "Block Caving and 
Sub-S toping System at the Tobin Mine.'' This paper, pre- 
pared by Fred C. Roberts, was read by Professor Sperr of 
the Michigan College of Mines. This was followed by a pa- 
per on **Top Slicing and Caving Systems in the Stambaugh 
District," by W. A. MacEachern, of Iron River, Midi. E. 
E. White of Ishpeming, Mich., read a paper on "Surveying 
and Sampling Diamond Drill Holes," which was illustrated by 
drawings showing curvatures in drill holes. The last paper 
was by T. B. Wyman of Munising, Mich., Secretary-Forester 
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of the Northern Forest Protective Association, the title be- 
ing "The Relation of Mining Interests to the Prevention of 
Forest Fires." Mr Wyman presented important facts in con- 
nection with the suppdy of timber available for mining and 
strongly urged the necessity of reforestation. 

The following papers were read by title : 

Accidents in the Transportation, Storage and Use of Ex- 
plosives, by Charles S. Hurter, Duluth, Minn. 

Square Set Mining, by Floyd L. Burr, Vulcan, Mich. 

Check System of Time Keeping, by James D. Vivian, 
Crystal Falls, Mich. 

Boiler Setting and Coal Handling, by J. S. Jacka, Crystial 
Falls, Mich. 

Electrical Operating Plants of Penn Iron Mining Com-, 
pany, by Frank H. Armstrong, Vulcan, Mich. 

A Diamond Drill Core Section of the Mesabi Rocks — No. 
IV., by N. H. Winchell, Minneapolis, Minn. 

Some Practical Suggestions for Diamond Drill Explora- 
tions, by A. H. Meuche, Houghton, Mich. 

• Recording and Signalling Device for Mines, by John M. 
Johnson, Ishpeming, Mich. 

Time Keeping System and Labor Distribution at the New- 
port Mine, by G. L. Olson, Ironwood, Mich. 

Raising Shaft on Timber at the Armenia Mine, by S. J, 
Goodney, Crystal Falls, Mich. 

Cornwall Ore Banks of Lebanon County, Pennsylvania, 
by E. B. Wilson, Scranton, Pa. 

At the conclusion of the reading of papers, the Council 
presented its report for the fiscal year ending Augtist 22, 191 1. 
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REPORT OF THE COUNCIL. 

The Secretary's report of Receipts and Expenditures from Au- 
gust 26th, 1910, to August 22nd, 1911, is as follows: 

RECEIPTS. 

Cash on hand August 24th, 1910 ^5,076.55 

Entrance fees for 1910 % 215.00 

Dues for 1910 2,025.00 

Back dues 180.00 

Advance dues, 1911 65.00 

Sale of proceedings 57.30 

Sale of Institute badges 8.00 

Total $2,550.30 

Interest on deposit 171.24 

Total receipts 2,721.54 

. Grand total $7,798.09 

DISBURSEMENTS. 

Stationery and printing $ 58.85 

Postage 139.16 

Freight and express i 13.81 

Telephone and telegraphing 3.91 

Secretary's salary 750.00 

Stenographic work 82.44 

Total $1,048.17 

Publishing Proceedings XV $ 732.50 

Photographs, maps, etc 57.50 

Advance papers, 1910 188.75 

. Total 978.75 

Total disbursements 2,026.92 

Cash on hand August 19, 1911 5,771.17 

Grand total $7,798.09 

MEMBERSHIP. 

1911. 19110. 1909. 

Members in good standing 467 465 475 

Honorary members 4 4 4 

Life members 2 2 2 

Members in arrears (2 years, '09-10) 44 36 36 

Total .517 507 517 

New members admitted 46 45 72 

New members not qualified 3 1 1 

New members added 43 44 71 

TREASURER'S REPORT. 

The Treasurer's report from August 26th, 1910, to August 22d, 
1911, is as follows: 

Cash on hand August 26th, 1910 $5,076.55 

Received from Secretary 2,550.30 

Interest on deposits 171.24 

Paid drafts issued by Secretary $2,026.92 

Cash on hand August 22d, 1911 5,771.17 

$7,798.09 $7,798.09 

Your committee appointed to examine the books of the Secretary and Treasurer, heg 
leave to report that we have carefully examined same and find that the receipts and expen- 
ditures shown therein to be in accordance with the above statement for the. fiscal year end- 
infir AufiTUst 22nd, 1911 . 

JAMES B. COOPER, 
WILLIAM J. WEST. "" 
CHAS. E. LAWRENCE. 

I 
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The following applications for membership, received since 
the last annual meeting, are approved by the Council: 

Boss, Clarence M., Mining Engineer, Duluth, Minn. 

Bowers, E. C, Secretary Wickwire Mining Co., Iron Riv- 
er, Mich. I 

Burnham, R., Commercial Salesman, Westinghouse Mfg. 
Co., Minneapolis, Minn. 

Cory, £dwin N., Mining Captain, Negaunee, Mich. 

Deacon, John, Superintendent, Cambria and Lilly Mines, 
Negaunee, Mich. 

Fox, M. J., Luml)erman, Iron IVfountain, Mich. 

Gish, John R., Commercial Salesman, Beaver Dam, Wis. 

Goodney, S. J., Mining Captain, Crystal Falls, Mich. 

Hampton, H. C, Salesman, Chicago, Ills. 

Hovland, Joseph T., Mining Engineer and Drill Contrac- 
tor, Houghton, Mich. 

Huhtala, John, Superintendent, Richmond Mine, Palmer, 
Mich. 

Imhoff, Wallace G., Geological Engineer, Y. M. C. A., 
Ishpeming, Mich. 

Jacka, Edwin, Mining Captain, Armenia Mine, Crystal 
Falls, Mich. 

McDonald, James A., Salesman, Advance Packing & Sup- 
ply Co., Hancock, Mich. 

Morgan, E. Robins, Resident Engineer, Robins Conveying 
Belt Co., Chicago, Ills. 

Myers, Albert J., Mining Engineer, Iron Mountain, Mich. 

Newby, Wm., Assistant Mining Captain, Puritan Mine, 
Ironwood, Mich. 

Pengilly, Ed., Mining Captain, Crystal Falls, Mich. 

Rowe, Wm. C, Mining Captain, Bessemer, Mich. 

Ryan, John A., Chief Clerk, O. I. M. Co., Iron Moun- 
tain, Mich. 

Trevarthan, W. J., Mining Captain, Bessemer, Mich. 

Trudgeon, John, Mining Captain, Wakefield, Mich. 

Uhler, Fred Walter, Mining Engineer, Buhl, Minn. 
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Vilas, Royal L., Sales Manager, Pluto Powder Co., Ish- 

peming, Mich. 

Vivian, David L., Mill Superintendent. Gay, Mich. 

Walker, Rol^ert L., Superintendent, American Mine, Di- 
orite, Mich. 

Warne, Edw. S., Mill Superintendent, Point Mills, Mich. 

Wheelwright, O. W., Geologist, Florence Iron Co., Flor- 
ence, Wis. 

Worden, E. P., Chief Engineer, F. M. Prescott Steam 
Pump Co., Milwaukee, Wis. 

Yates, William H., Sales Engineer, Allis-Qialmers Co., 
Negaunee, Mich. 

Zapffe, Carl, Mining Geologist, Brainerd, Minn. 

On motion duly carried the report of the Council was 

accepted and the Secretary instructed to cast a ballot for the 

election of the applicants to membership. 

The committee on nominations presented its report as 
tollows: 

Your committee on nominations beg leave to submit the 
following names for ofificers of the Institute for terms speci- 
fied: 

For President (one year) : 

Frederick W. Denton, Painesdale, Mich. 

For Vice Presidents (two years) : 

George H. Abeel, Ironwood, Mich. 
Graham Pope, Houghton, Mich. 
Wm. H. Jobe, Palatka, Mich. 

For Managers (two years) : 

M. H. Godfrey, Coleraine, Minn. 
Jas. E. Jopling, Ishpeming, Mich. 

For Treasurer (one year) : 

E. W. Hopkins, Commonwealth, Wis. 

For Secretary (one year) : 

A. J. Yungbluth, Ishpeming, Mich. 

W. H. JOHNSTON, 
D. E. SUTHERLAND, 
JAMES D. IRELAND, 
WILLIAM H. JOBE, 

Committee. 
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The report of the committee was on motion adopted and 
the Secretary instructed to cast a ballot for the election of the 
officers as presented by the committee. 

William Kelly, of Vulcan, Mich., offered the following 

resolution, which was on motion adopted : 

Resolved, That the Council be authorized to appoint from 
time to time si>ecial committees to consider and report upon to 
the Institute through the council such subjects as changes in 
mining laws, safety devices, the securing and editing of pa- 
l)ers on mining methods, definition of mining terms, affilia- 
tions with other societies, and such other sul>jects as the Coun- 
cil shall deem it desiral>le to inquire into, such reports not to 
be binding on the Institute except action is taken by the In- 
stitute in accordance with the Constitution and By-Laws. 

John M. Bush, of Ironwoo<l, Mich., offered the following 

resolution, which was on motion adopted : 

Resolved, That a vote of thanks be extended to the Min- 
ing Companies of the Menominee Range and their local offi- 
cials for the entertainment offered on the occasion of this 
visit; also to the citizens of the range as a whole for their 
cordial reception ; to the Railway Companies for the excee<l- 
mgly gocKl service given in the movement of the members in 
special trains and the many courtesies and privileges shown 
our members and guests. • 

MR. KELLY — I would like to say a word l>efore we adjourn. 
There has l)een some consideration by the governing body of 
the American Institute of Mining Engineers to extend the 
scope of its influence, and it is possible that some plan for affili- 
ation with the Lake Superior Mining Institute and other sim- 
ilar organizations may be suggested. I would not advocate 
any proposition that would result in giving up the automatic 
existence of this Institute, but still it is possible that our publi- 
cations could obtain a wider circulation if they were incorpor- 
ated with the pu])lication of the x\merican Institute of Mining 
Engineers. We have the President of the American Institute 
of Mining Engineers with us and as it will only take up two 
or three minutes' time, and you may be willing to hear some- 
thing on that subject, I ask the privilege of the floor for Mr, 
Kirchhoff. 

MR. KIRCHHOFF — This is an era of co-oj^eration and team 
work and we have been much encouraged in seeing how it 
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has developed in engineering fields in recent years. We are 
now installed in a building, tlmnigh the munificence of Mr. 
Carnegie, which represents a cost of about $1,800,000. Mr. 
Carnegie gave us $1,050,000 of this amount. Since the erec- 
tion of this building, we have l)een able to bring together 
the different branches of engineering into co-operation and 
good-fellowship. We now liave a library of some 50,000 
\olumes which has grown out of the collections of the Me- 
chanical Engineers, the Electrical Engineers and the Mining 
Engineers. It is now under the management of an expert 
librarian and an adequate staff, thus realizing to an extent, 
hitherto impossible, the benefits of co-oi)eration. 

I have been very much struck by the proix)sal just made 
l^fore the meeting to unify mining nomenclature, and in be- 
half of the Institute offer you our cordial co-c^peratron in the 
work, in which no doubt such organizations as the Canadian 
Mining Institute, the Mining and Metallurgical Society, the 
Institute of Mining and Metallurg\% the South African So- 
ciety and others would probably gladly join. It is through 
co-operation along such lines that much good can be accom- 
plished. 

Upon the conclusion of the business session, the mem- 
bers and guests were taken by automobiles to Sunset Lake, 
where the Iron River Commercial Club had prepared a clam- 
bake and other entertainment for the visitors. An orchestra 
furnished music during the evening and an enjoyable time was 
had by all. 

THURSDAY, AUGUST 24TH. 

Promptly at eight o'clock in the morning the party left 
Iron River, arriving at Lx)retto at ten, where the Loretto mine 
was visited. A trip was made up to the dam which was con- 
structed \Vhen the course of the Sturgeon river was changed, 
and the new channel was followed to the point where it again 
took the original course. The changing of the river was 
made necessary as it crossed directly over the ore formation, 
making it impossible to remove the ore with safety even by 
leaving large pillars to support the surface. A brief descrip- 
tion with map is published elsewhere in this volume. 

Tlie party next visited the dam and power plant of the 
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Penn Iron Mining Co. at Sturgeon falls on the Menominee 
river. Seventy automobiles were brought into service and 
the four-mile trip was made in quick time. This plant is 
iully described in Vol. XIII, 1908, page 153. The next stop 
was at the Company's mines at Vulcan where the East and 
West Vulcan and Brier Hill Shafts were visited, also the 
Aragon mine of the Oliver Iron Mining Co. at Norway. The 
'electrically-<lriven machinery at the Penn Iron Co.'s mines 
was very carefully inspected, being the first plant of its kind 

in the district, and considerable time was spent here. 

* 

Many of the visitors took the opportunity of going down 
in the Vulcan shaft to see the electrically-driven pumps, pro- 
vision having been made by enclosing the cage so that the 
trip could be made without the necessity of special clothing. 
The route to be taken in inspecting the surface plant was in- 
dicated by arrows placed at various points which avoided 
confusion and kept the crowd from scattering. Guides accom- 
panied the party giving such information as was desired by 
the visitors. 

Continuing the trip by automobiles to Iron Mountain, 
the new plant of the Peninsular Power & Development Co, 
under construction at Twin Falls on the Menominee river, 
was next visited. This plant will develop 5,000 horsepower, 
ample to supply all the mines in the vicinity. It is expected 
that the work will be completed during the summer of 1912. 
Returning to Iron Mountain, the Ludington shaft of the 
Oliver Iron Mining Co. was the next stop. The Cornish 
pumping plant which was formerly installed at *'D'' shaft of 
the Chapin is now in operation at "C" Ludington. A visit 
was also made to the Pewabic mine, after which the party 
disbanded. 

A brief description of the mines visited, also many of the 
others, in both Iron and Dickinson counties, may be found on 
pages 17 to 40. 

The beautiful roads on the Menominee Range, especially 
through Dickinson county, where the country is more level 
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than in Iron county, made the automobile trips a very in- 
teresting and enjoyable feature throughout. Special trains, 
in addition to the regular, were provided where necessary to 
take the members home with the least ix>ssible delay. Con- 
gratulations were freely extended to the local committees 
for the admirable manner in which the arrangements were 
carried out, i and the meeting proved both profitable and en- 
joyable. Credit is also due to the members for their generous 
response with papers on m^ny interesting subjects. 

The following is a partial list of those in attendance : 

ABEEL, GEO. H Hurley, Wis. 

ADGATE, F. W Chicago, lUs. 

ALLEN, R. C Lansing, Mich. 

AMBERG, J. W , .Chicago, Bis. 

ARCHIBALD, R. S Crystal Falls, Mich. 

ARMSTRONG, F. H Vulcan, Mich. 

BACON, F. A ; Princeton, Mich. 

BARBER, G. S -. Bessemer, Mich. 

BAXTER, C. H Loretto, Mich. 

BENGRY, W. H Palatka, Mich. 

BERTLING, J. F Chicago, Ills. 

BJORK, ARVID Crystal Falls, Mich. 

BOND, WILLIAM Iron River, Mich. 

BOSS, C. M Duluth. Minn. 

BOYLE, O. F Crystal Falls, Mich. 

BREWSTER, E. E Iron Mountain, Mich. 

BREWER, L. C Iron wood, Mich. 

BRIDGES, E. S Crystal Falls, Mich. 

BRIGHAM, E. D Chicago, Ills. 

BROOKS, F. G Stambaugh, Mich. 

BROWN, E. F Iron Mountain, Mich. 

BURNHAM, R Minneapolis, Minn. 

BURNS, A. L Crystal Falls, Mich. 

BUSH, J. M Ironwood, Mich. 

CARBIS, FRANK Iron Mountain, Mich. 

CARBIS, W. J Iron Mountain, Mich. 

CARLSON, WM Crystal Falls, Mich. 

CARPENTER, A. B Los Angeles, Cal. 

CASWELL, L. C Crystal Falls, Mich. 

CHAMPION, JOHN Loretto, Mich. 

CLIFFORD, J. M Escanaba, Mich. 

COE, E. S Iron River, Mich. 

:. COLE, W. T Isbpeming, Mich. 
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CONLIN, THOMAS Crystal PallB. Mich 

CONOVER, A. B Chicago, Ilia. 

COOPER, J. B Hubbell, Mich. 

CORIA, J. W Ashland, Wla. 

DAVIDSON, 0. J.., Milwaukee. Wis. 

DAVIDSON, D. W Iron Mountain, Mich. 

DAVIDSON. O. C Iron Mountain, Mich. 

DAVIDSON, W. F Crystal Falls, Mich. 

DAVIS, J. M Green Bay, Wis. 

DEACON, J Negaunee, Mich. 

DICKENSON, E. S Florence, Wis. 

DIXON, F. A Stambaugh. Mich. 

DUNCAN, M, M Ishpemlng, Mich. 

DUPRES, NAPOLEON Stambaugh, Mich. 

J. P Mansfield, Mich. 

EISELE, L. G Iron Mountain, Mich, 

EISELE, G. J Iron Mountain, Mich. 

P. C Milwaukee, Wis. 

ERICSON, JOHN Crystal Falls, Mich. 

BRICSON, RUDOLPH Iron iRlver, Mich. 

E8TEP, H. COLE Chicago, IIIb.- 

FISHWIOK, E. G Milwaukee, Wis. 

FLANCHER, F. A Crystal Palls, Mich. 

FLODIN, N. P Mich. 

FLOOD, J. R Crystal Falls, Mich. 

FRASER, W. H Crystal Falls. Mich, 

GISH, J. R Beaver Dam, Wis. 

GODFREY, M. H Coleraine, Minn. 

, M Iron Mountain, Mich. 

S. J Crystal f^lls, Mich, 

B, W Chicago, Ills. 

B Derby, Conn. 

GOUDIE, JAMES, JR Ironwood, Mich. 

HAMPTON H. C Chicago, Ills. 

. J Palatha, Mich. 

L. M Hurley, Wis, 

E Green Bay, Wis. 

^•ttiS3S/5*fti M. T Cleveland, Ohio 

HBGGATON, WM. S Negaunee, Mich. 

HELHER, G Eacanaba, Mich. 

HELMER, W. S Escanaba, Mich. 

HICKS, B. W Vulcan, Mich. 

HILL, W. D Crystal Palls, Mich. 

HINB, S. K Girard, Ohio 

HODGSON, JOSEPH Ishpemlng, Mich. 
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HOLM AN, J. WINCHESTER Chicago, Ills. 

HOLMES, HERMAN Crystal Falls, Mich. 

HOPKINS, E. W Commonwealth, Wis. 

HOVLAND, J. T Houghton, Mich. 

HUEY, GEO. T Minneapolis, Minn. 

HUHTALA, JOHN Negaunee, Mich. 

HURTER, CHAS. S Duluth, Minn. 

IMHOFF, W Ishpeming, Mich. 

IRELAND, J. D Duluth, Minn. 

JACKA, E Crystal Falls, Mich. 

JACKA. J. S Crystal Falls, Mich. 

JACKSON, I. H Crystal Falls, Mich. 

JACOBS, SAM Crystal Falls, Mich. 

JAYNE, WM Crystal Falls, Mich. 

JEWELL, SAMUEL Ishpeming, Mich. 

JOBE, W. H Palatka, Mich. 

JOHNSON, O. R Michigamme, Mich. 

JOHNSON, J. M Ishpeming, Mich. 

JOHNSTONE, O. W Ironwood, Mich. 

JOHNSTON, W. H Ishpeming, Mich. 

JONES, JOHN T Iron Mountain, Mich. 

JORY, WM Princeton, Mich. 

KEATING, W. G Escanaba, Mich. 

KEELBY, E. D Chicago, Ills. 

KELLY, WILLIAM Vulcan, Mich. 

KENNEDY, J. S Ashland, Wis. 

KERN, WM Crystal Falls, Mich. 

KIRCHOFF, CHARLES New York 

KITTS, T. J Houghton, Mich. 

KLINGLUND, F. D Iron River, Mich. 

KONWINSKIN, JOE Iron River, Mich. 

KRETZ, W. C Trenton, N. J. 

KROGDAHL, S. J Ishpeming, Mich. 

LARSON, C. F Crystal. Falls, Mich. 

LAWRENCE, CHAS. E Iron Mountain, Mich. 

LETZ, J. F Milwaukee, Wis. 

LINSLEY, W. B Escanaba, Mich. 

LUKEY, FRANK Ironwood, Mich. 

LUNDIN, OLE Stambaugh, Mich. 

MACE, R. E Duluth, Minn. 

MATTHEWS. A ,. . Crystal Falls, Mich. 

MEAD, D. W Madison, Wis. 

MEUCHE, A. H Houghton, Mich: 

MEYERS, W. R Princeton, Mich. 

MINER, A. B, ,,..,,, JsJipeiQjpg, Mich. 
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MITCHELL, W. A Chicago, Ills. 

MONROE, J. A Iron River, Mich. 

MORGAN, B. R Chicago, Ills. 

MORRISON, M, B Stambaugh. Mich. 

MYBR3, A. J Mich. 

WM Stamhaugh, Minn. 

T?^'^^i;*i^ D. B Duluth, Minn. 

M'OEE, M. B Mich. 

i^ ,.W. A Duluth, Minn, 

S. J Iron Mountain, Mlcli. 

M'GREGOR. J. P Mllwauliee, WlB. 

M'LEAN, J. H Duluth, Minn. 

M'LEAN, J. H., JR Dulutb, Minn. 

M'NAMARA, THOS. B Ironwood, Mich. 

M'NEIL. B. D Virginia, Minn. 

NBBLY, BENJAMIN Crystal Falls, Mich. 

§5i^ai^ stambaugh, Mich. 

C Crystal Palls, Mich. 

Puritan, Minn. 

NEWETT, WILLIAM Ishpeming, Mich 

O'BRIEN, P Iron RlTer, Mich. 

ORR, F. D Duluth, Minn. 

OSWALD, E. J Crystal Falls, Mich. 

PARKER. E. W Washington, D. C, 

PASCOE, P. W Republic, Mich. 

PEARCE, B. L Marquette, Mich. 

PENGILLY, B Crystal Palls, Mich. 

PENGLASE, THOMAS Crystal Falls, Mich. 

PHILLIPS, W. G Calumet, Mich. 

POPE, GRAHAM Houghton, Mich. 

POTTER. E. P Minneapolis, Minn. 

QUIGLBY. G. J Antigo. Wia. 

QUINE, J. T Ishpeming, Mich. 

RAISKY, P. H Ishpeming, Mich. 

EALEY, R. J Duluth, Minn. 

REEDER, E. C Chicago, Ills. 

RBIGART, J. R Princeton, Mich. 

W. J Crystal Palls, Mich. 

w. J Mich. 

W. J Mich. 

W. A Chicago, Ills. 

ALVIN Chicago, Ills. 

ROBERTS, H. C Crystal Fails, Mich. 

ROBERTS. E. S Iron Riyer, Mich. 

ROBERTS, FRED C Crystal Falls, Mich. 
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H0BERT80N, H. J Eacanab*. HIch 

ROGERS. C. M Mich. 

ROSE, WM. T Mich. 

ROSS, D. M Mich. 

ROUGH, J. H NegauDee, Mich. 

HOWE, W. C Besaemer, Mich. 

RUNDLE, A. J Iron HounUin, Mich. 

RYAN, J. A Iron Mountalo, Mich. 

SAMPSON, JOHN ABhIand, Wis. 

SANDS, T. E Minn. 

BCADDEN, FRANK i'M&^. Mich. 

8CANL0N, W. L Iron River, Mich. 

8CHIEBLER, W Iron River, Mich. 

SHAW. PHILLIP Cryatal Falla. Mich. 

SHERRBRD, J, M New York 

SHOVE. B, W IroBwood, Mich. 

SILLIMAN, A. P Hlbbing, Mian. 

SKINNER. M. B Chicago, Ilia. 

SPEAR, J. H Ironwood, Mich. 

8PERR, F, W Houghton, Mich. 

STEWART, H. B Houghton, Mich. 

STOLLBERG, J, H Crystal Falls. Mich. 

SUTHERLAND, D. E Ironwood, Mich, 

TALLON. P. M Milwaukee. Wis. 

TARR, S. W Duluth, Minn. 

THOMPSON, N. W Albany, N. Y. 

THOMPSON, N. W.. JR Albany. N. Y. 

TRAVBR, W. H Chicago, lUg. 

TREBILCOCK, JOHN Mich. 

WILLIAM Wis. 

Iron Mountain, Mich. 

Negaunee, Mlcb. 

t5. J Bessemer, Mich. 

Ely, Minn. 

N Whitefleia, Minn. 

TUFTS, JOHN Milwaukee, Wis. 

TUPPBR, C, A Milwaukee, Wis. 

TYLER, W. E Mendota, Ills. 

TYLER, E. S Stambaugh, Mich. 

VILAS. R L Ishpemlng. Mich. 

VILAS. P. N MinQeapoils, Minn. 

VIVIAN. JAMES D Crystal Falls. Mich. 

WALKER, R. S Dlorite. Mich. 

WALL, JOHN Crystal Falls, Mich, 

WALL, J. S Irpn lUver, Mich. 
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WATSON, CHAS. H Crystal Falls, Mich. 

WEBB, R. B Crystal Falls, Mich. 

WEBB, CHAS. E Houghton, Mich. 

WEBB, G. S Marquette, Mich. 

WELKER, W. F Ashland, Wis. 

WENGLER, M. B Milwaukee, Wis. 

WESSINGER, W. E Duluth, Minn. 

WESSINGER, H. J Duluth, Minn. 

WEST, W. J Hibbing, Minn. 

WHEELWRIGHT, O. W. Florence, Wis. 

WHITE, E. E Ishpeming, Mich. 

WHITING, LOWE Crystal Falls, Mich. 

WILLIAMS, P. S Ramsay, Mich. 

WILSON, E. B Scranton, Pa. 

WINCHELL, W. H Minneapolis, Minn. 

WINSLOW, FRANCIS Washington, D. C. 

WORDEN, E. P Milwaukee, Wis. 

WYLD, R. H Chicago, Ills. 

WYMAN, T. B Munising, Mich. 

YATES, W. H Negaunee, Mich. 

YUNGBLUTH, A. J. Ishpeming, Mich. 

YUNGBLUTH, ROY O Ishpeming, Mich. 

YOUNGS, G. W Iron River, Mich. 

YOUNGS. F. W Iron River, Mich. 
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A DIAMOND DRILL CORE SECTION OF THE 

MESABI ROCKS— IV. 

BY N. H. WINCHELL, MINNEAPOLIS. 
GEOLOGICAL BEARING OF THE FOREGOING DESCRIBED FACTS. 

In the Proceedings of the Institute for three previous 
years (1908, 1909 and 1910) the writer has presented evi- 
ilence to show that in Minnesota volcanic igneous rock com- 
poses a large proportion of the strata usually termed *'Ani- 
inikie," which also specifically may be designated Mesabi, 
These results seem to call for a discussion of the bearing which 
they present on the geological history of the rocks themselves 
and of the adjacent terranes. 

Near the close of the Minnesota Geological Survey (i. e. 
in 1899) some evidence of this nature of the iron-bearing 
rocks of the Mesabi range was met with, and it was present- 
ed in the final report (Vol. V), where its purport was fully 
set forth. It was suggested that if a careful examination were 
to be made of the rocks of the Animikie, it might be found 
that detritus from igneous rocks was an important element 
in their composition. Reviewing what he wrote twelve years 
ago as to the igneous nature of the rock from which the 
Mesabi ore is derived, the writer is gratified and entirely sat-' 
isfied with the conclusions to which he came, and desires to 
re-affirm them and strengthen them, with the new evidence 
already presented to the Institute. 

It was a great surprise, however, to the writer to find so 
much igneous material in the Mesabi section, extending 
through a thickness amounting to more than two thousand 
feet. Throughout that thickness the eruptive material amounts 
to more than fifty per cent of the whole, at least in the re- 
gion of present active mining. 
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Through the kind co-operation of Mr. E. J. Longyear, 
the writer vvas furnished with a series of nine drill-core samf- 
pies taken from S. E. J4 Sec. 30, T. 58-20, near Hibbing. 
These also were mounted in thin section by E. Dominique; 
Paris, and on examination were found to be so similar to 
those already described that, while they verify the record di 
the deeper drill, they afiford no important new facts, from a 
microscopical point of view. They are from a point about 
thirty-three miles west from the other drill hole. 

It is the present purpose to consider some of the con- 
sequences of this discovery, for it certainly changes very ma- 
terially the interpretation which we must put upon the rocks 
of the Mesabi range. We do r^ot know yet whether the 
igneous composition of the Animikie prevails throughout the 
full extent of those rocks, from east to west. We know of 
it at the eastern end of the range in Minnesota and in the 
productive western part, and at the point where it strikes the 
Mississippi. There is, however, an anomalous condition of 
the geology extending through Lake county and entering 
somewhat into St. Louis county, and prevailing south of the 
international boundary in Cook county. Here the geographic 
area in which the so-called "slates and quartzytes'' of the 
Animikie would be expected to show their full extent and 
characteristics, is occupied by a group of rocks which are 
decidedly and distinctly of igneous origin. They are gabbro, 
and acid "red rock," so-called. The former grades into dia- 
base, and thence into ordinary trap, petrographically. The 
latter is sometimes granitic, and sometimes is quartz porphyry. 
It also acted in large areas as an effusive igneous rock and 
flowed toward the basin of lake Superior in a manner the 
same as that which characterized the basic trap of the re- 
gion. The writer has observed and has described numerous 
instances in which the "red rock*' was plainly derived from 
the slate of the Animikie by contact metamorphism and fusion, 
apparently by the diabases and gabbro of the region. W. S. 
Bayley has shown the same on Pigeon point. Now this ob- 
servation shows two things conclusively : 
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1. The slates were formed before they were metamor- 
phosed and fused. 

2. The metamorphosing agent was co-extensive with the 
metamorphism and fusion. 

If, therefore, the great agent of this metamorphism and 
fusion was the gal>bro and its derivatives, there must have 
been a long period of volcanic activity earlier than the gabbro 
outbreak, i. e. assuming that the Animikie in Lake and Cook 
counties possessed essentially the same volcanic composition 
as found in St. Louis county and near Gunflint lake, of which 
there is no known reason to entertain any doubt. The "red 
rock'' is known to extend, with interruptions, from Pigeon 
point to Duluth. The gabbro does the same. It appears plain, 
therefore, that the gabbro was not the first, nor among the 
first of the basic eruptives to make its appearance but that 
probably it was nearer the close than the beginning of the 
Keweenawan age. It is also plain that the epoch of the Ani- 
mikie, consisting, as shown, largely of b?isic igneous materials, 
formed as such before the gabbro, was a great igneous age, 
characterized by volcanoes and probably by surface lavas. The 
gjabbro, and its product, the **red rock*' were much later than 
this volcanic age. 

The writer has heretofore shown reason to divide the Ke- 
weenawan into two parts, viz : The Cabotian, the older, and 
the Manitou, the younger, and he placed the gabbro and the 
"red rock" in the earlier member; but it appears to be neces- 
sary to remove them to the later. The Cabotian was an age 
during which were accumulated enormous quantities of vol- 
canic sand and other debris, forming, as it appears, the Me- 
sabi portion of the Animikie, as now known, and doubtless 
embracing many layers of surface trap. After these strata 
were laid down, mainly in the presence of oceanic waters, 
which contributed an acid, sedimentary element, they suffered 
the action of the great gabbro attack and this was accom- 
plished and followed by other surface lavas. 

While removing the gabbro and the "red rock", to the 
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Manitou section, it is necessary to note carefully an important 
distinction, viz : the materials which when fused, produced the 
Manitou red rock, prior to fusion constituted the Animikie 
slates, and, as seems to be reasonable in the light of recent 
developments, are to be considered the chronological equiv- 
alent of that part of the Keweenawan which has been named 
Cabotian. Basic, at first, having the form of volcanic ejecta, 
when mingled with the acid ingredients which it received by 
immersion and distribution in the waters of the ocean, it 'be- 
comes frequently an acid rock when fused, forming the wide- 
spread "red rock" with all its variations, and as such it takes 
its place in the Manitou member of the Keweenawan. 

It seems, from some points of view, a violent suggestion 
to associate the Animikie (Mesabi) with the Keweenawan, 
tor it brings into a later age those strata which have by some 
been put into the "upper Huronian" and by some into the 
Archean because (ignoring the Taconic) they lie in places 
non-comformably below what is by them believed to be the sole 
representative of the ''Cambrian." But in reality such an ad- 
justment of the new facts satisfies not only a reasonable de- 
mand of petrologic resemblanceSj but also of stratigraphic as- 
sociation. The petrologic resemblance between the Keweenawan 
and the Mesabi rocks has been the burden of my later pa- 
pers. It is imperative, in considering the stratigraphic asso- 
ciation, to call to mind the duplicate structure of the Kewee- 
nawan, as described in the final report of the Minnesota sur- 
vey; for either the Keweenawan consists of two great members, 
as there described, or there exists a distinct, and separate, 
great igneous formation not hitherto discovered — one which 
has the thickness of over two thousand feet and which must 
have required for its sedimentary accumulation a great length 
of time, and which is by all geologists, who have studied the 
Keweenawan of Lake Superior, considered to be immediately 
below the well-known traps of the well-known Keweenawan. 
To link the Mesabi with the Keweenawan stratigraphically 
alleviates another anomaly, which the writer has elsewhere 
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alluded to, viz : The top of the Animikie, as hitherto defined, 
has never been observed, although its highest strata, where 
locally exposed, as at Thunder Bay, have been seen to be over- 
lain by a conglomerate of the "Upper Cambrian," there having 
been some kind of a break, and accompanying degradation of 
the Animikie, separating them. But if the Animikie (Mesabi) 
be only the downward extension of the Keweenawan, it is 
reasonable to assume that no definable stratigraphic summit 
exists, but that the Mesabi rocks upwardly blend stratigraphic- 
ally and structurally into the igneous rocks of the Keweenaw- 
an, the beds of passage being simply such conglomerates and 
sandstones as are well-known parts of the Keweenawan. Not 
only so, but the red shales, the conglomerates, the sandstones 
(volcanic sands largely) which are well-known integral parts 
of the Mesabi, although often changed to iron ore, are identifi- 
able, at least comparable, with similar strata of the Kewee- 
nawan. 

If we seek for the extension of the igneous Mesabi further 
east, in Ontario east of Gunflint lake, we have not much field 
evidence to depend on. At Gunflint lake the writer found the 
lower beds of the Animikie to contain much flint and this char- 
acter extends, according to the Canadian geologists, many 
miles further east ; but the very lowest strata at Gunflint lake 
consist of contorted and handsoinely colored jaspilyte, lying 
on the uneven surface of the Archean granite. The flint and 
the jaspilyte are essentially of the same composition, chemical- 
ly depositexl micro-granular silica, but differ in structure, one 
being horizontally stratified and more or less thinly interbedded 
with black slate such as on the Mesabi range in Minnesota con- 
sists largely of igneous debris. The conditions all indicate 
that there was a period of igneous activity at Gunflint lake, 
at the opening of the Animikie, that the heated ocean was 
charged with soluble silica, that this was precipitated along 
with the sediments of volcanic sand and breccia and that the 
lava that outflowed was suddenly consolidated as volcanic 
glass, (obsidian), and was at once permeated by the prevailing 
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soluble silica without losing its fluidal structure, forming the 
jaspilyte of the region. There could be no nicer and clearer 
demonstration of the nature and origin "of the Mesabi jas- 
pilyte — and the same origin is perfectly applicable to the 
Archean jaspilyte of the Vermilion range. 

When it is once apprehended that igneous agencies were 
chiefly operative in the production of the parent rock from 
which the iron ores of the Lake Superior region have been 
derived by alteration in situ, both the Archean and the Taconic, 
several corollary conclusions follow: 

1. Not all the igneous rock can be assumed to have been 
changed to iron ore, but much of it, especially that which lay 
on land surfaces, maintained its original composition. 

2. It was when the action of the ocean was immediate 
and direct .that the great alterations were produced. 

3. The red shales so common in the Keweenawan and 
occasionally seen in the Mesabi, consisted originally of vol- 
canic and other igneous debris. They sometimes constitute a 
low-grade iron ore, as at Baraboo, Wis., and at the Mahoning 
mine at Hibbing, Minn. 

4. As these red shales form a great thickness of rock 
that extends under the eastern and southern part of Minnesota, 
reaching two or three thousand feet, it follows not only that 
the oceanic currents of the Taconic age in the Lake Superior 
region carried their sediments far from the volcanic centers 
toward the southwest, but that the volcanic activities of the 
whole Keweenawan age, including the Mesabi, are cotem- 
poraneously represented by that vast thickness of red shale. 

• It. has already been shown in Part III of this series, 
that while the igneous fragmental character extends through- 
out the Mesabi section of over two thousand feet, the altera- 
tion which resulted in the localization of the beds of iron ore 
is confined essentially to the bottom of the Mesabi strata. 
That points clearly to the origination of the ore about cotem- 
porary with the rocks in which it exists — at least it precludes 
the agency of later, or it might be said present, atmospheric 
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or ground water currents. It cannot safely be presumed that 
causes actinjf later than the date of the Mesabi formation 
could so affect the bottom l)e(ls everywhere and leave the rest 
of the two thousand feet practically intact. If there be any 
in)n in the Mesabi rocks, so far as known, it is always at or 
near the lx)ttom, and, as shown by the foregoing descriptions, 
if iron ore be lacking in commercial quantities at its wonted 
stratigraphic place, still the original rock has been profoundly 
changed at that horizon and the changes are the same as 
those that arc met with where in)n ore exists in large amounts. 
The inference is inevitable that the cause of the ore acted 
while the lx>ttom beds which contain it were being accumulated. 
That is, it originated in an epoch of early volcanic activity, 
and was dependent in a large measure, if not entirely, on 
the contact of the heated waters of the ocean on the lavas and 
volcanic ash of the immediate vicinity. At a later date, when 
the igneous violence had subsided locally or abated, the earlier 
igneous centers were buried under vast thicknesses of sedi- 
ment and igneous debris, and this later part of the Mesabi has 
never been altered. Still, if similar conditions co-existed at 
some later date within the Animikie age, it is reasonable to 
suppose that iron ore would have been formed, and 6ence that 
it is not impossible that iron ore horizons considerably later 
than that which is now worked may be discovered, not only 
in the Mesabi strata but in any other part of the Keweenawan. 
If, now, we re-capitulate briefly the results of this inves- 
tigation, we shall find the following : 

1. The mines of the Mesabi range show nearly all the 
grand, igneous structures seen in the Keweenawan. . These 
were enumerated and in part illustrated in the proceedings 
of the Institute of 1908. 

2. The black . slates, so-called, of the Mesabi range con- 
sist largely of basaltic igneous material and of volcanic glass 
the result of sudden cooling of erupted matter, the average 
proportion being more than 50 per cent. 

3. This igneous matter is usually in the form of more 
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or less roufided pellets, and these can be seen by the naked eye, 
more or less mingled with quartz which is likewise rounded 
by beach action, the quartz being most abundant near the 
bottom of the section. ^ 

4. This igneous material has suffered a profound altera- 
tion at the horizon of the iron ore, but the greater part of 
it is simply consolidated, forming with other kinds of sediment, 
the **black slates'' of the region. 

5. This alteration has been accompanied by more or less 
localization of the substances produced, sometimes being beds 
of so-called chalcedonic quartz, sometimes of kaolin, some- 
times of limestone and sometimes of iron ore. 

6. Besides actinolite, occasional miica and tourmaline, 
there was formed a soft, light green mineral which is prac- 
tically isotropic, which has been called glauconite and green- 
alite. 

7. This green substance serves sometimes as a general ma- 
trix for all the other substances, and sometimes retains the 
round shape of the original pellets. 

8. All the other secondary minerals, such as hematite and 
quartz in particular, and occasionally the actinolite and calcite, 
also show by their manner of distribution in the thin sections 
examined, the rounded form of the original pellets. 

9. No one of these secondary products, and especially not 
the greenalite, can be said to be the source of any of the oth- 
ers but tbey are all co-ordinate and co-temporary products 
of alteration of the original igneous rock. 

10. The beds at, or near, the bottom of the black slates 
are the only ones, so far as known, which show such profound 
alteration, and they were probably so changed prior to the 
deposition of the overlying mass of black slate. 

11. The chief agent of this alteration was the heated wa- 
ter of the ocean which covered the region. 

12. The volcanic vents of the region, as they became 
extinct, or as they shifted from the west toward the east, were 
buried under the sediments that were formed by later vents, 
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such sediments drifting mainly from the northeast toward the 
southwest. 

The geological bearing of these facts may be summarized 
briefly as follows: 

1. This great igneous formation is the Cabotian so named 
bv the writer 1899, and called the lower member of the Ke- 
weenawan. 

2. While as an igneous formation it appeared as lavas 
with their varieties, it also gave rise to thick beds of sedi- 
ments, both tuffs, breccias, conglomerates and red sandstones, 
as well as red sliales. 

3. The so-called "red rock'' series of rocks, extending 
from Duluth to Pigeon Point, is due to the metamorphism 
and even the fusion of this igneous sediment by the outbreak 
of the great gabbro mass. 

4. This event seems to separate the Cabotian from the 
Manitou lavas, and brings the gabbro and the red rock series 
into the Manitou. 

5. The gentler effects of this great volcanic age, including 
both the Cabotian and the Manitou, were carried by the pre- 
vailing currents of the cotemjx)rary ocean, far toward the 
southwest, and are seen in a vast thickness of red shale which 
underlies the upper Cambrian in southern and southeastern 
Minnesota. 
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TIME KEEPING SYSTEM OF THE CRYSTAL FALLS 

IRON MINING COMPANY. 

By James D. Vivian, Crystal Falls, Mich. 

In the employment of the number of men necessary to 
operate a mine, the employer is compelled to introduce a sys- 
tem of time-keeping which will insure accuracy in the work, 
not only as to the distribution of the labor cost to the proper 
account, but also as to the correctness of the time credited to 
each employe for the work performed. Many different sys- 
tems are used at the mines in the Lake Superior district, each 
of which has some good points, and it is with the idea of 
bringing out a discussion of the various systems that this pa- 
per is presented at this meeting. The best method is one by 
which a check can be had on the person keeping the time, 
to provide safeguards against carelessness and dishonesty. 

An employe is liable to be mistaken' in the number of 
shifts that he claims to have worked during the month, and 
should he claim more than the time-keeper shows, a check 
system against the time-keeper will prove or disprove his claim. 
The same system would be equally effective should an employe 
think he had worked less time than his due bill called for. 
It would not be just to deduct a certain number of shifts, 
when a checking system might show that the employe had 
not kept his own time correctly. 

In order to provide as many safeguards as possible, the 
time-keeping system adopted by the Crystal Falls Iron Mining 
Company, as i&xplained herein, will show that the system has 
a tendency to keep not only the time-keepers in line, but also 
the several foremen or bosses, by whom the time is kept. 

The men on going to work in the morning, report their 
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brass check numbers to the time-keepers (at our mines this 
is done verbally), who records the same as the men present 
themselves at the window. The time-keeper, in taking the 
numbers in this manner, sees each man, and knows that the 
man has gone to work, whereas, if the numbers were to be 
deposited by the men themselves one man could deposit more 
than one number, and later in the shift, those for whom he 
deposited could slip into their working places. On returning 
from work at' the close of a shift, our men report again in 
the same manner to the time-keeper. 

During the shift (we are working two shifts of ten hours 
each and have a time-keeper for each shift), the time-keeper 
sees every man at his work. On surface he makes two rounds 
each day, once on each half shift. Underground the time-' 
keeper makes only one round each shift, and as he meets the 
men he records the place in which they are working. This 
enables him to classify the time according to the accounts 
kept or classification required for cost reports, etci The 
time-keeper at the close of the shift has a good check on his 
own work, and taking for granted thcit he has faithfully per- 
formed his duties as required, the possibility of an error is 
remote. 

We show herewith the form of daily report made by 
the time-keeper (Form A) and transmitted to the general 
office. This is here given to show the similarity of the check- 
ing report made out by the different foremen (Form C) and 
explained later. 

This now leads up to the checking system other than 
that employed by the time-keeper. The surface foreman takes 
the time of the men employed on surface, regardless of what* 
his employment or connection with any particular branch of 
the organization may be. The shift boss takes the time of 
the men underground, likewise regardless of the work they 
are doing. These several bosses, therefore, take the time of 
all men employed around the mine. 

Each foreman makes out a report for his shift, the surface 
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foreman being obliged to get the time of the few men employed 
at night, when no regular nigjit surface foreman is employed . 
He takes each man's number orally, and at the close of the 
shift fills out the blank here shown (Form B), making a cross 
(X) after the number corresponding to the brass check num- 
ber of every man whose time he has taken. 

On the reverse side of this report, as shown by Form C, 
he makes a general classification of the men working on his 
shift. This classification we consider merely incidental to the 
real purpose of the report, i. e., getting a check on each man 
who worked on that particular shift. 

This report as made out each day by shift boss or fore- 
man, is then placed in an envelope, sealed, addressed to the 
superintendent, and mailed to the general office. The bosses 
and time-keepers are, under no consideration, to compare notes 
on the time, under penalty of dismissal. These reports as 
received at the general office, are checked against the report 
of the time-keepers, and at the end of the month, against the 
total days of the, pay roll. In all cases they must agree. 

Assuming that a discrepancy should occur between the 
time-keepers and foremen, we have provided a blank (Form 
D) to be used in checking, to find where the error was made. 
This blank, when filled out, is referred by the general 
office to the captain of the mine, whose duty it then is to 
take the books of the time-keeper and shift boss or foreman, 
and in their presence check the same to locate the error. This 
is a very easy matter and quickly done. The blank is then filled 
out as directed and returned to the general office and filed 
with the reports. 

All men are paid by the cashier of the general office, the 
time-keepers not doing any paying. It has been found that 
men who were generally classed as the ''habitual kickers" on 
pay days are not now heard from, as they know that when 
they get their due bills their time is correct, and there is no 
further cause for a complaint. 

The method above described has been in actual use since 
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the early part of 1902, and has proven very effective. At the 
time the reports were first introduced at the older operating 
mines, the shift bosses objected to the clerical work involved, 
but once fairly started, it has had no drawbacks and is in 
general favor. 
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SOMK PRACTICAL SUGGESTIONS FOR DIAMOND 

DRILL EXPLORATIONS. 

By a. H. Meuche^ Houghton, Mich. 

The volumes of the Lake Superior Mining Institifte con- 
lain many articles on diamond drilling. Most of these papers 
deal with the curvature of drill holes and methods of observ- 
ing the true an^le of dip. As a result of these papers the dia- 
monr! rlrill f>ix!rators are supposed to test the angle of their 
holes at frequent intervals and then the angle etched on the 
Ix/ttlc is corrected for capillarity. I am heartily in accord 
with this survey of bore holes but often wonder, inasmuch 
as no attempt is made to determine their lateral deflections, if 
these surveys and corrections are really worth while. 

Besides these there are many matters which should be 
considered by anyone having lands explored by means of dia- 
mond drills, 'i'wo of the most important are the preserving 
of the l>ore holes and the preserving of the records. In the 
('ojjjxtr (*ountry, where I have had most of my experience, 
the usual practice is to pull out the stand pipe when the hole 
is completed, thus making it impossible to reopen the hole and 
continue it to a greater dq>th, if the occasion should ever arise 
when it niiglit Ix; a(lvisal>le to do so. Of course, this ques- 
tion must Ix! answered separately for each and every drill 
hole, as it Ix^comes necessary to consider the policy of the par- 
ties having the drilling done, the cost of leaving the casing 
compared to the total cost of the hole, and whether or not for 
geological reasons it is definitely known whether any occa- 
sion may ever arise for deepening the hole. By this I fnean 
that you know definitely that ore do^3 not Jie at any greater 
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In the Copper Country geological conditions answer the 
question many times. Here, as most of you know, the beds 
usually have a pretty steep dip and cross-sections are made by 
drilling a series of holes in a line at right angles to the strike 
and placing these far enough apart so that the bed exposed in 
the bottom of one hole' is also found in the top of the adjacent 
hole. 

There are two methods in which cross-sections are drilled. 
The most logical is to start at the extreme eastern limit of 
your property or at the limit of the copper bearing range, and 
work west. In this method it is necessary to bore the holes 
until you are positive of having a lap. The objection to the 
method is that it is not always possible to bore the holes as 
deep as you wish to go and then it is necessary to put down 
an intermediate hole. The other method is to start from the 
west and drill your hole as deep as you can, or desire to, com- 
pute the horizontal distance covered by the hole, deduct a little 
for lap and locate your hole to the east. This method works 
fairly well, especially for two drills, but is open to many ob- 
jections. Suppose you find a fairly rich copper bearing lode, 
near surface, in one hole and would like to examine it at 
depth. It may only be a few feet below the bottom of your 
preceding hole, but if it has been discontinued and the pipe 
pulled out, these examinations would necessitate a new hole, 
duplicating largely work which has already been done. Again 
you may make a mistake in your computations, or the dip may 
be steeper than you thought it was. Under these circumstances 
you may have a gap in your section. Another trouble lies in 
the fact that even though the holes do lap, you may not be 
able to recognize them. 

All these objections and troubles occur quite frequently 
and have come within my own observations. Ordinarily the 
first method is the better one to follow, but there are many 
times when it is advisable and sometimes necessary to use 
the second. If the latter method is used, I strongly advise 
leaving the stand pipe. 
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Another matter which has become a sort of hobby of mine 
is the care and preservation of drill cores. Perhaps this is 
due to the fact that I have examined in the neighborhood of 
a hundred thousand feet of drill cores during the last few 
years. I have seen cores kept in a limited number of boxes; 
when these boxes became full the cores were dumped out and 
the boxes refilled. . I have seen core boxes kept in a cold, 
wet cellar, one box piled on top of another, forming a high 
stack. Often the lids are nailed down tighter than the bot- 
tom is nailed to the box, so that in trying to pry off the lid the 
box falls to pieces. I have climbed upon racks, pulled out 
boxes (not having covers) that were slipped in sideways, 
balanced them on my finger tips and tried to get down. Once 
or twice the boxes turned up side down. 

With these experiences you can readily perceive why the 
method used by the Victoria Mining Company and later 
adopted, with some minor changes, by the Mass Consolidated 
Mining Company, appeals to me. In both cases they have 
rigged up a sort of cabinet, using the core boxes without lids 
as drawers. The boxes slide lengthwise into a rack or cab- 
inet. The boxes or trays are stacked so close together that 
the bottom immediately above acts as its cover. At the Vic- 
toria, a strip the full length of the box is nailed on either 
side forming the slides for the drawer. A drawer-pull and 
a label giving the number of the hole and the depths of the hole 
from which the core was taken is fastened to one end of the 
box. At the Mass they have overcome the necessity of nail- 
ing strips to the sides of the box by allowing the bottom of 
each box to extend about half an inch on either side. The 
boxes are made about five feet long, which is a convenient 
length to handle, and holds enough core for ordinary pur- 
poses. The cabinet itself is made very similar to any or- 
dinary cabinet, holding drawers, except that it is not neces- 
sary to put a piece of wood under each drawer as a stiffener. 
If the sides are made of two inch material, a stiffener need 
only be introduced about every ten boxes. Sides or par- 
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titions are made for each stack of core boxes and as high as 
desired. These had better be made pretty heavy as they must 
support the entire weight of all the boxes in each stack, and 
in order to make the construction as slow burning as pos- 
sible, I would suggest a tight partition. Strips are nailed on 
both sides of these partitions to catch the strips on the boxes, 
thus supporting them. These strips should be placed just far 
enough apart to allow easy and free slicing of the boxes. 

The accompanying sketch will explain the construction fully. 
The advantages of this system are the convenience in refer- 
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ring to the cores at any time and small amount of space re- 
quired. Each box occupies a space of 10^x2 3-16 inches. 
Allowing one stiffener for every ten boxes, thirty boxes can 
be stored in a stack five feet nine inches high. As each 
box holds thirty feet of ij^ inch core, which represents ap- 
proximately forty feet of drilling, one stack would represent 
1,200 feet of drilling. Ten such stacks representing 12,000 
feet of drilling, would only occupy a space six feet high, ten 
and one-half feet long and five feet deep. I do not believe 
that the same number of boxes with covers screwed on could 
be gotten into the same space, and I question if the lumber 
and screws used for a cover would cost as little as would this 
scheme. The only objection to the scheme is the trouble in- 
volved in transporting the boxes from the drill. The Mass 
Mining Company solved this by making boxes with hinged 
covers and locks which would just hold one core box. The 
core box was then placed in the box, which was then locked 
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and sent to the mine office. For shipping, the core boxes 
could be crated readily enough. 

I wonder, with such a convenient method as this of storing 
cores, if as much core would be thrown away as is now done. 
After so much money has been spent in obtaining the records 
it seems too bad to see the true records destroyed. I often en- 
counter the argument **Of what good are they?" They usual- 
ly are no longer of any use to you, but someone else may 
examine them and see something of great scientific or practical 
value. There is some excuse for a person holding merely an 
option on a piece of land to throw away the cores, as he may 
not have any place to store them, but in those cases I truly 

J^lieve that the Geological Survey should make an attempt to* 

Reserve the records. 
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STANDARD BOILER HOUSE AND COAL HANDLING 

SYSTEM OF THE CRYSTAL FALLS IRON 

MINING CO,. MENOMINEE RANGE. 

By J. S. Jacka^ Crystal Falls, Mich. 

One of the first questions to be decided in the construction 
of the power plant is its location. This dei>ends largely upon 
the location of the shaft, the ease with which coal may be 
brought to the boiler, and means of storing the coal, especially 
in the winter. 

The first factor, the location- of the shaft, is one that has 
an important bearing upon the location of the engine house. 
The building must be so situated that the cable will have as 
few sharp bends as possible, and still be comparatively close 
to the shaft. The cost of handling the coal and ashes is usual- 
ly the largest item in the operating charges. In plants as 
found at some of the smaller mines, the amount of fuel and 
ash handled does not warrant the expense of an elaborate con- 
veyer system, which would be justifiable in larger plants. In 
whatever way the fuel is supplied provision n:u;st be made for 
storing a quantity sufficient to oi>erate the plant for some 
time, in case supply is interrupted, to guard against an en- 
forced shut down. 

The type of building should next be considered. It must 
be as near fire proof as possible, cheap in construction, and 
should be flexible enoug'h in the design to make it conform 
to the various llocal conditions found at the mines and still re- 
tain the same general shape or plan. This has been the aim 
in all of the installations at the Crystal Falls Iron Mining 
Company's properties. One set of drawings has been made 
and they have been used in the building of all boiler houses, 
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with only slight variations as were necessary at the mine. 
For lack of a better word this has been called the "standard" 
boiler house of the Crystal Falls Iron Mining Company. The 
term is not used to imply that one boiler house is the exact 
counterpart of another, but that certain features of its con- 
struction and details have been so standardized that as a 
whole it may be termed a "standard" boiler house. 

The boiler should be of a type such that its first cost will 
be low, and still give a maximum efficiency with a minimum 
amount of expense for its upkeep. As affecting fuel economy 
the boiler equipment is by far the most important part of 
the power plant and involves the largest share of the operating 
expense. It matters little how elaborate, modem, or well de- 
signed it may be, skill, good judgment and continued vigilence 
are required on the part of the operator to secure the best 
efficiency. 

Of the various types and grades of boilers on the market 
experience shows that most of them are capable of practically 
the same evaporation per pound of coal, provided they are 
designed with the same proportions of heating and grate sur- 
face and are operated under similar conditions. They dtffer, 
however, with respect to space occupied, weight, capacity, 
first cost, and adaptability to particular conditions of opera- 
tion and location. The boiler used by the Crystal Falls Iron 
Mining Company is of the fire tube type. This boiler is sim- 
ple, inexpensive, and when properly operated is found to be 
durable and economical. The installation and removal of this 
type of boiler gives it an advantage over the water tube boiler, 
especially in mining work, where the life of the plant is com- 
paratively short. The number of boilers installed at any one 
plant in no case exceeds six boilers, and as there is always 
plenty of floor space the addition of extra boilers would only 
involve the cost of installing the boilers themselves. For low 
pressure and small power the return tubular boiler has ad- 
vantage of affording a large heating surface in a small space, 
and large overload capacity, a condition to be desired in fur- 
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nishing steam for hoisting engines. The first cost of this boil- 
er is low, which gives it another advantage over the water tube 
boiler. 

The boiler shown on plate I practically conforms to the 
specifications of the Hartford Steam Boiler Insi)ection & In- 
surance Co. The "standard'' is a 72^x18' horizontal return 
tubular boiler having 68 four-inch tulles. The shell is made 
of open hearth flange steel plate Yz" in thickness. The heads 
are 9-16" in thickness. The longitudinal seams in the shell are 
the butt joint double covering strip tyjxi triple riveted. The 
firth seams are single riveted lap joint. These riveted seams 
are proportioned so as to secure the strongest ix>ssible joint. 
The braces in each case, together with their rivets, have been 
carefully calculated for the pressure they are to bear, and are 
so distributed that all parts of the surface braced may be sus- 
tained. The boiler has a ii"xi5" manhole in the front end 
below and in top shell al>ove tubes. The front is the full arch 
flush type. The flush front costs a little more than the extend- 
ed front for brick and setting, but it is more convenient to 
operate and the boiler is less expensive. 

Plate I shows longitudinal section of the boiler setting. 
This setting is the same regardless of the numl)er of Ix>ilers, 
and is made of hard red brick laid in lime (or cement) mor- 
tar and the entire setting is lined with fire brick up to the 
center line of the boiler, as shown in the drawing. Every 
fifth course is laid with headers, so that any part that might 
become damaged can l>e easily renewed without taking out 
the entire lining. In the drawing the grate width is six 
inches less than that of the boiler, and the side wall is battered 
so as to leave a space at the level where the setting closes into 
the boiler. The top of the bridge wall is 12" from the bot- 
tom of the shell and the space behind is left empty. Curving 
this combustion chamber to conform with the shell only re- 
duces its size, which is a disadvantage with bituminous coal. 
The rear wall is 30" back of the rear head, which makes the 
chamber larger. The back connection, i. e., the connection 
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between the rear wall and the head, is a source of more or 
less trouble on account of the expansion and contraction of 
the boiler, and the difficulty of making a joint that will re- 
main tight. One method is to spring an arch across having 
one end resting on the wall and the other upon an angle 
fastened to the back head of the boiler. The arch consists 
of brick resting^ in an iron frame work. Another method 
used is to place steel rails across the setting latterly and fill 
in the spaces between the rails with brick. 

It is sometimes difficult with low grade fuels and natural 
draft to bum sufficient coal in the grates of a horizontal tub- 
ular boiler to produce the evaporization needed. For this rea- 
son it is necessary that the grate surface be as large as pos- 
sible, and have the maximum rate of combustion per square 
foot of grate surface for the draft obtained. 

The suspended support is used as this seems to be the 
best method. The boiler, being independent of the walls, 
does not get out of alinement with the settling of the walls, 
which is almost sure to occur. When the boiler is set on the 
lugs the settling of the walls often throws the support of the 
boiler on two lugs thus setting up severe torsional strains in 
the boiler shell. The boiler is set high in front in accordance 
with general practice. The expansion and contraction of the 
fire brick causes the boiler to settle in front and it invariably 
gets lower than the I'ear end; this necessitates the raising of 
the front end. 

While this setting has been very satisfactory and has given 
good service it was thought advisable to try some other type 
of boiler in order to eliminate, if possible, the settling and 
cracking of the walls. With this in view a Casey-Hedges 
patented standard steel setting was installed after carefully 
considering several different types. This setting appears to 
present means of overcoming the defects in the all-brick set-- 
ting and still retains the good features of the old setting. This 
setting does away with the heavy brick work walls. It is lined 
first with a layer of asbestos, then a layer of red and a layer 
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of fire brick. There is a notable absence of heavy founda- 
tions, the only ones of any consequence being beneath the sup- 
porting columns from which the boiler is suspended. The 
barrel of the casing is semi-circular in shape, being practically 
an inverted Dutch Oven, holding the heat to the boiler as the 
hot gases pass from the furnace over the incandescent fire 
brick into the combustion chamber. This setting is cheaper 
to insta!! and requires less brick. The only repairs necessary 
is the relining of the furnace, thus lowering the cost of main- 
tenance as compared to the brick setting. 

In selecting a grate bar that was cheap and would give ade- 
quate support to the coal and yet permit the access of suffi- 
cient air from below for combustion, it was found that the 
Wicks rocking grate gives the best service as compared with 
the stationary grate ; whil'e the initial cost is greater the rock- 
ing grate out-lasts the stationary grate. 

The steam line leading to the shaft is connected to an 
auxiliary 5" header, or by-pass, besides being connected to 
the main header. This affords a means of making repairs or 
additions to the main header without stopping the mine pumps. 
This auxiliary line also supplies the feed pumps. The Hoppes 
feed water heater or purifier is used and is the open type of 
heater. This style of heater has several advantages over the 
closed type, namely, it is lower in first cost, is more 
easily accessible for cleaning and repairs, scale and oil do 
not affect the heat transmission. It has the disadvantage in 
that the oil becomes mixed with the steam* but by keeping them 
clean and using oil traps this difficulty is reduced to a mini- 
mum. 

The means by which coal may be placed within reach of 
the fireman presents a more difficult problem in a plant of this 
size than it would be in a larger one. The method used is 
to make a space similar to a stockpile ground. A trestle is 
built the entire length of this space ^d the railroad cars are 
unloaded from it. A narrow gauge portable track is then laid 
from the coal pile to the boiler house and by means of an in- 
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clined track laid on timbers the car is elevated above the coal 
bunkers. A ton and one-half car is used to convey the coal. 
The car, designed for thjs, works automatically. The doors 
are placed in the bottom and are opened by a system of levers 
and a spring. A dog engaging a "dump pin," which is fast- 
ened to the timbers and is adjustable as to location on the tim- 
ber, releases a catch letting the doors drop open. When the 
car starts on its return journey a flat piece of iron attached 
to the runners, upon which the rails are laid, automatically 
closes the doors. The car, as shown on plate III, is built low 
in order to make it easier to shovel into. A small hoisting 
engine in the boiler house is used to pull the car. This meth- 
od of handling the coal is very simple and can be adapted to 
suit almost any condition that may arise in the location of the 
coal pile. The manner in which the car enters the boiler room 
is shown in plate II. 
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RECORDING AND SIGNALLING DEVICE FOR 

MINES. 

John M. Johnson, Ishpeming, Mich., Inventor. 

The present invention was devised more particularly for 
making records of mine operations, but undoubtedly many 
features thereof are useful in connection with other work of 
a somewhat analogous character. 

One of the primary objects is to provide novel and prac- 
tical mechanism of a comparatively simple nature that will 
record the operation of elevating mechanism, showing the num- 
ber of trips or loads, the places from which such loads are 
taken together with all stops, delays and the like. 

Another and important object is to provide means for 
recording the character or grade of ore or other material 
transported, and the levels or places from which the same are 
taken. 

Still another object is to provide a signalling system 
which, while useful per se, also combines with the afore-men- 
tioned means or mechanism to produce a semi-automatic ap- 
paratus in which the signal to the operator of the hoisting 
mechanism eflfects the operation of the recording means. 

Recording Mechanism for the Elevating Means — Taking 
up this recording mechanism, in detail, a suitable frame is 
employed, in which are mounted a pair of stationary vertical 
shafts having gear wheels journaled on their lower ends, said 
gear wheels being in mesh with an intermediate idler. These 
shafts are surrounded by skeleton frames, secured to the gear 
wheels, and on said frames are detachably slipped winding 
drums, preferably in the form of open ended cylinders. These 
cylinders have at their lower ends inset lugs that engage in 
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sockets carried by the skeleton frames and consequently the 
drums and frames are held against relative rotation. One of 
these drums is designed to carry a record receiving sheet that 
is unwrapped therefrom, and wound upon the other drum. 
Said other drum is therefore provided with suitable tines to 
engage the end of the sheet. For the purpose of removing 
the record sheet when the receiving drum has the same there- 
on, said drum is provided* at its lower end, with an oj>ening 
so that the rolled sheet can be grasped between the finger 
and thumb, and withdrawn from the drum or cylinder when 
said cylinder is detached from the skeleton frame. The drums 
are operated by a suitable time movement. This time move- 
ment may be of any suitable character so that it. is absolutely 
accurate. It is carried by a frame that is hinged to the rear 
side of the main supporting frame, and has a gear wheel in 
mesh with one of the gear w'heels. By having it hinged, it 
may be swung downwardly and out of the way, in order to 
permit the drums to be readily removed and replaced. 

By referring to Fig. 2, it will be noted that the record 
sheet has its main portion divided into two longitudinal spaces 
and the margins of said spaces being provided with scales in- 
dicative of the divisions of time, as will be evident, and it 
will) Ijc clear that as the winding drtmis are revolved by the 
time movement, this sheet will be slowly unwound from one 
drum, and wound upon the other. Interposed between the 
dnmis is a vertical platen across which the sheet operates, and 
co-operating with this platen on the exjx^sed face of the sheet 
is a vertically movable recording or marking device prefer- 
ably in the form of a fountain pen having a suitable filling 
funnel. The pen is slidably mounted in a pair of upstanding 
ears carried by a supporting arm that is vertically slidabfe in 
a guide, and has a threaded engagement with a vertically dis- 
posed rotating screw shaft. The marking device has its rear 
end offset, and mounted on said marking device between the 
ears, is a yoke. This yoke is ordinarily secured against move- 
ment on the marking device by a set screw, and has a de- 
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pending pintle borne against by one end of a lever that is 
journaled between its ends on the arm. A spring connected 
to the other end of the lever and to an adjusting screw, 
serves to yieldingly maintain the marking device or pen against 
the record sheet. The adjusting screw is carried by a support- 
ing bracket fastened to the arm. 

The screw shaft is journaled in two horizontal bars of 
the supporting frame, and is geared at its lower end to a 
horizontally disposed shaft. This shaft extends in any suit- 
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FIG. 2 
Face View of a Portion of One of the Record Sheets. 

V 

a:ble direction and projects from the frame. It has secured 
thereto a sprocket wheel and the sprocket chain, passing around 
the wheel also passes around a sprocket wheel carried by 
the hoisting drum. It will be understood that the gearing be- 
tween said hoisting drum and the vertical screw shaft is such 
that the operation of said drum from on^ level to another 
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will rotate the screw sh^f t sufficiently to carry the marking de- 
vice across the lower space of the record sheet, and a move- 
ment of said drum sufficient to elevate the skip from the level 
to the dumping point will carry the marking device from 
the intermediate line of division to the dump mark indicated 
on said record sheet. 

The operation of this portion of the mechanism is be- 
lieved will now be obvious. The time movement operates at 
a proper rate of speed, to carry the record sheet past the mark- 
ing point, according to the time indicated on said record sheet. 
The said sheet having been properly started, will continuously 
operate, and therefore the marking device or pen will make 
a continuous line thereon. If the winding drum is rotated 
to lower the skip to the first level, a line, as A in Fig. 2, will 
result, for the screw shaft being simultaneously rotated, will 
carry the pen downwardly. After reaching the level if a de- 
lay occurs, a horizontal line, as B, will show the length of 
such delay, and if the skip is now elevated to the dumping 
mark, another upwardly extending line, as C, will be the 
result. If for instance, the skip is then lowered to the second 
level, the line D will clearly show the same, and if a break- 
down or other accident occurs, to cause the skip to stop at 
an intermediate point, a horizontal line, as E, will show the 
same, and also clearly indicate the length of the delay. Thus 
a complete record of the operation of the elevating mechanism 
will be produced. 

It will of course be understood that the mechanism may be 
used in connection with any number of levels, two being shown 
in the present instance, Fig. i, for the sake of simplicity. Al- 
so these levels may be located at various depths requiring 
only the change in the arrangement of the 'record sheet and 
in the gearing which is interposed between the winding de- 
vice and" the vertical screw shaft. It is also worthy of note 
that the threads on the screw shaft terminate short of the 
horizontal bars, in which said shaft is threaded. This is im- 
portant for the reason that if the winding drum for any rea- 
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son should be operated beyond the hmits of movement of the 
marking device, said device will merely disengage from the 
threads and prevent breakage of the parts. It will be under- 
stood that a number of the detachable cylinders may be em- 
ployed in order that no great delay may take place in changing 
the record sheets, particularly when the mine is operated con- 
tinuously. 

Grade Recording Mechanism — It will be noted that the 
, lower margin of the record sheet, Fig 2, is provided with long- 
itudinal lines of spaces in which the grades of ores elevated are 
recorded. This recording mechanism is preferably construct- 



DiaetsmmaUc View of a Mine, Showing 
the Recordins SysUm Inetsllcd. 

ed as follows : Two hammers are employed, though any num- 
ber may be provided depending on the number of grades of 
ore or material which it is desired to make record of. These 
hammers respectively have their heads movable against the 
different spaces in vertical alinement with the marking de- 
vice. They are pivoted between their ends, and their lower 
ends are connected by links to swinging arms that are at- 
tached to the armatures of electro-magnets. Interposed be- 
tween the hammer heads and the record Sheet is an inking 
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ribbon that passes around a plurality of rollers and has re- 
taining cords on its margins, which cords engage in grooves 
formed in the peripheries of the rollers. A step-by-step move- 
ment is given to the ribbon in order that a fresh portion will 
always be located in the paths of movement of the hammers. 
To this end, one of the rollers has a ratchet wheel secured 
to its upper end, and a spring-pressed dog carried by a recip- 
rocatory bar, operates on the ratchet wheel. Another spring- 
pressed dog engaged with the ratchet wheel, prevents the re- 
trograde rotation of said wheel, and consequently a similar 
movement on the part of the riblx)n. The reciprocatory bar 
has a link connection with a beir.crank lever, and this lever in 
turn has another link connection with a swinging actuating 
lever. The lever has outstanding cam shoulders, either of 
which swings into the path of movement of the pen support- 
ing arm when the other is moved out of said path. A spring 
carried by the lever and operating against a pin serves to hold 
said lever in either of its two positions. With this construc- 
tion therefore upon every upward and downward movement 
of the pen supporting arm, the lever will be caused to rock 
back and forth, thus through the connections and effecting 
a reciprocation of the bar, and causing the dog to effect a 
movement of the ratchet wheel and of the ribbon. 

The electro-magnets are in independent circuits that in- 
clude suitable sources of electrical energy and these circuits 
extend downwardly to the different levels where they are pro- 
vided with circuit closers or switches. Each closer comprises 
side plates to which are attached terminals and a swinging 
operating lever pivoted to and between the side plates has 
pivoted thereon a swinging arm that carries a cross bar. This 
bar oi>erating on the edges of the walls, is movable across the 
terminal, thus connecting the same, and closing the circuit. 
A spring serves to yieldingly hold the arm downwardly with 
the cross bar upon the walls. Brackets are fastened to said 
wall and have elevating dogs pivoted to their ends and ex- 
tending over the free ends of the terminals, these dogs being 
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held downwardly upon the edges of the side walls by springs. 
With this construction therefore, if the cross bar is in its rear- 
most position in rear of the dogs, upon the forward movement 
of the lever the cross bars will operate beneath the dogs and 
engage the terminals, said cross bar will then pass beneath the 
free ends of the dogs and consequently upon the return move- 
ment of the oi)erating lever, the cross bar will ride upon the 
dogs and will be bridged thereby from the terminals so that 
the circuit will not again be closed. Upon the closure of eith- 
er of the circuits, it will be evident that the electro-magnet in 
that circuit will be energized. Consequently the armature be- 
ing operated, will cause the hammer connected thereto to be 
swung and the head, striking the ribbon, will cause a mark 
upon the record sheet in one of the spaces intended for re- 
cording the grade of ore. The operator therefore in the mine 
at the desired level, uses this mechanism to indicate the grade 
of a skip of ore that is about to be elevated, but the circuit 
closer also constitutes a part of the mechanism for signalling 
the engineer or operator of the hoisting mechanism, and this 
signalling mechanism is constructed and associated with the 
recording means as follows: 

Signalling Mechanism — An electric bell of any well known 
form, located in the engine house or at the proper point with 
relation to the hoisting mechanism, is included in an electric 
circuit and also includes a suitable source of electrical energy. 
This circuit extends down into the mine, and has spaced term- 
inals secured in the circuit closers, and in the path of move- 
ment of the cross bars of 'said circuit closers. It will thus be 
clearly evident that when a skip is to be hoisted from the mine, 
the person in control at the level from which it is to be hoisted, 
has only to operate the proper lever indicating the grade of 
ore in the skip. Upon the initial movement of said lever, the 
circuit will be closed to make a record of the grade of ore 
upon the record sheet, and directly thereafter the cross bar 
of the circuit closer will connect the terminals of the circuit 
whereupon the bell will be sounded, and any number of strokes 
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of the l)ell niay l>e made, provided the arm is not ccxnpletely 
returned over the bridges. The record of the grade of the ore 
therefore also acts as a record against the engineer in charge 
of the hoisting mechanism, for the mark made by the hammer 
will indicate in connection with the mark made by the pen, 
whether or not there was delay in answering the signal to raise 
the load. There is also preferably employed a visual signal 
for the engineer, the same comprising a rotary pointer that 
oj^erates over a dial pr()i)erly numljered as shown. The point- 
er is connected to a shaft on which is mounted a ratchet wheel 
and a pinion. The pinion is in mesh with a gear wheel to 
which is connected a return spring. An actuating dog oper- 
ates on the ratchet wheel to effect a step by step rotation there- 
of and a consequent winding of the spring. The return move- 
ment of said ratchet wheel after its movement by the dog is 
prevented by a swinging dog pivoted at one end, and thus be- 
ing movable into and out of coaction with the ratchet wheel. 

The oi)erating dog is connected to the lower end of a 
lever fulcrumed between its ends, and having a link connec- 
tion with the armature of an electro-magnet. This electro- 
magnet is in the circuit with the bell and therefore every time 
said circuit is closed, the armature will be actuated. This will 
cause the movement of the dog, and the consequent rotation 
of the pointer, the dog preventing the return of said pointer 
after each movement. However, if the arm or dog is raised, 
the spring reacting on the wheel and pinion will immediately 
return the pointer to zero. This movement of the dog is 
effected by a suitable handle having a cable connection with a 
lever which in turn has a cable connection with the dog, said 
handle being disposed in a convenient position to be grasped 
and operated by the engineer in charge. To the lever is con- 
nected a return spring which normally maintains said lever 
against a stop. It sometimes may happen, however, that the 
engineer is not present or for some other reason, it is desired 
to repeat the signal. It will be evident that the mechanism 
must be such that a repetition of the signal will not operate 
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the recording mechanism, and also it is necessary that such 
repetition will not merely advance the pointer. Therefore 
at each level there is provided an additional circuit closer and 
constructed exactly the same as those already set forth. The 
terminals of this circuit closer are a part of a circuit that in- 
cludes a source of electrical energy and an electro-magnet. 
This magnet has an armature co-operating therewith, and a 
link connected to the armature is connected to a lever. The 
lever has one end disposed beneath the end of the dog. The 
other terminals of the circuit closer, are connected to the cir- 
cuit. Bridge dogs are mounted over the terminals. An act- 
uating lever forms a part of the circuit closer and has at- 
tached thereto the usual cross bar corresponding in all re- 
spects to the cross bar of the above described circuit closers. 
Assuming therefore that a signal has been given to the en- 
gineer at the top of the shaft, and it is desired from any cause 
to repeat the same, the operator at the level from which the 
load is to be taken, operates the circuit closer. As the cross 
bar moves over the terminal the circuit will be closed, thus 
energizing- the magnet which draws its armature. As a result 
the lever will be operated, which will raise the dog so that the 
pointer will return to its original or zero postion. The move- 
ment of the lever of the circuit closer, being continued, the 
cross bar will strike the terminals, thus closing the circuit and 
the signal can be repeated. The return of the lever and cross 
bar to its original position will not effect the operation of the 
dog, as said cross bar will be bridged from the terminals by 
the dogs. 

Registering Mechanism for the Loads — Besides recording 
the number of loads of different grades of ore on the record 
sheet, registering mechanism is also provided so that the num- 
ber of loads can be ascertained at any time at a glance with- 
out the necessity of an inspection of the complete record sheet. 
To this end, there is mounted upon the supporting^ frame, a 
plurality of registers the number of such registers depending 
on the number of grades of ores to be recorded and registered. 
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Thus it will be evident that any number can be employed. 
These registers may be of any well known type. In the pres- 
ent form, each consists of three number wheels, each of those 
having the lower orders of digits, being provided with means 
for effecting an increment of movement of the next upon each 
complete rotation. Operating on the teeth of the wheel having 
the lowest order of digits, is a swinging yoke that is carried 
by a vertically reciprocating actuating bar. These bars have 
pivoted to their lower ends, abutment blocks that are located 
in the path of movement of the supporting arm of the marking 
device or pen. The actuating bars furthermore have notches 
in their rear sides, and holding dogs pivotally mounted be- 
tween their ends on the supporting frame, engage in the notch- 
es. The dogs have their free ends upturned, as illustrated and 
these ends are located in the path of movement of the offset 
terminals of levers, fulcrumed between their ends upon the 
platen. Reciprocating yokes horizontally disposed and embrac- 
ing the hammers are mounted in hangers and have their rear 
ends pivotally connected to the levers. These yokes are urged 
forwardly by springs. 

Assuming now that the actuating bars are in their elevated 
positions and are locked by the dogs, and also assuming that 
a loaded skip at one of the levels is about to be elevated, one 
of the switches is operated, and as already explained, one of 
the hammers is actuated to record the load upon the recofd 
sheet. The hammer in turn operates one of the yokes, caus- 
ing the movement of the lever and of the dog, which thus re- 
leases the actuating bar, and permits it to fall. The yoke 
therefore drops beneath the lower tooth of the number wheel, 
and as the skip reaches the dumping point, the pen carrying 
arm will strike the dei>ending block of the depressed actuating 
bar, causing the same to move upwardly and rotating the 
number wheel one increment. Thus the operation of the reg- 
ister is dependent upon the load properly reaching the surface. 
It will thus be seen that the mechanism disclosed, records the 
operation of the elevating mechanism, produces a record of 
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the grades of ore, the number of loads and the levels from 
which they are taken, Ijesides recording the time at which 
the different loads are ready to be hoisted, and maintaining 
a check against those in charge of the hoisting mechanism. 
Both ond and visual signals are provided for the operator in 
charge of the hoisting mechanism, with means for repeating 
signals without causing confusion and without effecting im- 
proi)er operations of the recording mechanism, while register- 
ing mechanism, dependent on the recording means, is pro- 
vided for showing the number of loads of the different grades 
actually elevated, preventing mistakes or fraud in the operation 
of the recording means. 

From the foregoing, it is thought that the construction, 
oi>eration and many advantages of the herein described in- 
vention will be apparent to those skilled in the art, without 
further description, and it will be understood that various 
changes in the size, shape, proportion, and minor details of 
construction, may l3e resorted to w-ithout departing from the 
spirit or sacrificing any of the advantages of the invention. 
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SURVEYING AND SAMPLING DIAMOND DRILL 

HOLES. 

By E. E. White^ Ishpeming^ Mich. 

Diamond drilling is expensive work, costing rarely less 
than $2.50 per foot in the Lake Superior iron district, and 
often reaching $5.00 per foot in hard ground, or even more 
if any of the many difficulties known to drillmen are en- 
countered. Yet up to a few years ago little attention was paid 
to determining- the actual course of holes underground, to 
accurate sampling and analysis, or to scientific location of 
drill holes. A description of the methods which have been 
developed in the course of extensive explorations by the 
Cleveland-Cliffs Iron Company in the Lake Superior district 
will perhaps be interesting to the members of the Institute. 

It has now been common practice for several years to test 
the inclination of drill holes by etching glass tubes with hy- 
drofluoric acid and the apparatus used by the Cleveland- 
Cliffs Iron Company has been described by Mr. J. E. Jopling 
in a paper read before the Institute in August, 1909. In an 
article which appeared in the Engineering and Mining Jour- 
nal of September 17th, 19 10, I described how the curvature 
of a diamond drill hole can be controlled and gave an ex- 
ample where it had been done successfully. Although the 
hole kept to the desired course, it failed to intersect the ore 
encountered in a previous hole because the direction of de- 
viation from the vertical of the previous hole had not been 
determined, although the amount of deviation had been de- 
termined by the usual hydrofluoric acid tests. 

This failure to secure results led to my investigating 
the question of detennining the course, as well as the in- 
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clinalion, of drill holes. After considering several methods 
two were chosen for trial, one of which has proved satisfac* 
tory, the other moderately so. In non-magnetic rock forma- 
tions the old method of a compass suspended in gelatine is 
successfully used with improvements worked out by Mr. 
George Maas and myself. Mr. Maas has patented his im- 
proved compass and his idea of using a thermos bottle in 
connection with the compass and gelatine. In magnetic for- 




mations a method of marking the drill rods is used in con- 
nection with hydrofluoric acid tests. This method was de- 
scribed to Mr. J. E. Jopling by Mr. John Deacon, superin- 
tendent of the Republic Iron & Steel Company's properties 
at Negaunee, who used it in testing diamond drill holes at 
the Cambria mine. We did not find it as successful as using 
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s. compass, but it is the only method which I know of that is 
practicable in magnetic formations. 

SURVEYING IN NON-MAGNETIC FORMATIONS. 

Figures i and 2 show the cases used to test for inclination 
and course. The latter shows the case used when it is de- 
sired to make more than one test at the same time, as it may 
be inserted at any point in the drill rods at the same time, 
that the first case is used at the end of the rods. As it is 
desired to use as large a glass tube in the case as possible, 
and as the outside diameter is limited by the size of an "E*' 
hole, a material was selected which combined the greatest 
possible toughness and tensile strength with non-magnetic 
properties. Phosphor bronze was chosen, which is entirely 





FIG. 3 FIG. 5 

non-magnetic and for which the manufacturers guarantee a 
tensile strength of 70,000 pounds and elastic limit of 55,000 
pounds per square inch. By using a case of dimensions given 
in Figure i, a glass tube 13/^". outside diameter can be used 
and according to Nystrom's formula for the collapsing 

4Tt2 

Strength of small tubes P = -^ , using a factor of safety 

of 4, this case should be safe in a hole 3,300' below water 

level. A little wicking is used to make a perfectly tight joint. 

The compass invented by Mr. Maas is shown in Figure 
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3. Its advantage over the old fomis of compass used for 
this purpose Hcs in the fact that it is pivoted in a cage which 
prevents its coming in contact with the glass tube and in- 
sures its swinging freely in the gelatine. The cage is be- 
low and rigidly attached to the float, which is made of cork. 

The most accurate and satisfactory method of testing the 
jcourse of a hole is to use the compass in a glass tube open 
at each end and alx)ut 6" long. A section of rubber stopple 
is forced into the tube, leaving about i J4" for acid at one end 
and 4" for gelatine at the other. A small weighed portion 
of dry gelatine is carried to the drill and dissolved on the 
ground in a certain quantity of water, care being taken that 
the water has no chance to evaporate while dissolving the 
gelatine. The proportions are so chosen that when dissolved 
the solution will keep liquid as long as possible after being 
lowered in the drill hole and yet will become perfectly solid 
when cold. For instance, using Nelson's Improved Brilliant 
Gelatine we use 5-6 gram and dissolve it in 50 cc of water. 
In a hole where the rods can be lowered in twenty minutes 
or less di lyi" tube is used with paper wrapping. When it 
takes from twenty to thirty minutes to lower the rods a i" 
tube is used with several wrappings of paper. If deeper 
than this a thermos bottle is used and by using a paper wrap- 
per the gelatine may thus be kept liquid fifty minutes. The 
time the gelatine remains liquid was determined by tests in 
ice-water at 43° Fahrenheit, which is the temperature of the 
underground water. 

In the first two cases when the thermos bottle is not neces- 
sary the dissolved gelatine is poured into the tube and heated 
as hot as possible by immersing the tube in water heated to 
boiling by live steam. When hot the compass is dropped in 
and a stopple placed in that end, then about i" of dilute hy- 
drofluoric acid is poured into the other end and that end 
closed. The tube is then wrapped in paper and placed with 
gelatine end up in the bronze case, which is attached to the 
bottom of 20' of brass "E'* rods and lowered into the hole, 
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losing as little time as possible. The brass rods are screwed 
to the bottom of the regular drill rods, an "A" to "E" reduc- 
ing coupling being used if the hole is being drilled with "A" 
rods. The bronze case and brass rods 'are made for an "E" 
hole so that they can be used in either case. If two tests are 
to be made at the same time another tube and compass are 
placed in the case shown in Figure 2 and inserted in the drill 
rods at the proper point, using 20' of brass rods on each side. 
The tube is left stationary in the hole fifty minutes after 
the rods are lowered, giving the gelatine time to cool and set 
and the acid time to etch a good line. It is found that acid 
diluted with 12 parts of water gives best results. It is diluted 
in the office and carried to the drill in hard rubber bottles 
with screw tops, which are much more convenient than the 
paraffine bottles used at first. 

When the tube is brought to surface the positions of the 
North and South ends of the needle are marked on the glass 
with a diamond point and the tube washed out and the com- 
pass dried to prevent rusting. This tube forms a permanent 
record of the inclination and course of the hole at the depth 
where the test was taken. 

The thermos bottle is ij^" outside diameter and consists 
of two clear glass walls with a vacuum between as shown in 
Figure 5. When it is necessary to use this the hot gelatine 
and compass are placed in the bottle and the bottle closed 
by a rubber stopple. The stopple also closes one end of a 
i>^" tube 3" long, serving to connect the bottle and tulje and 
preserve them in the same relative position, as shown in Fig- 
ure 5. Dilute acid is placed in the tube, the other end closed, 
and the tube and bottle placed in the bronze case and lowered 
into the drill hole. It only takes the gelatine i^ hours to 
solidify in the thermos bottle so that it is usually left in the 
hole only fifty minutes after the rods reach the bottom, just 
long enough to get a good etching. It may be left in the hole 
over night, however, but in that case the acid is diluted more. 
When the tube is brought to surface the North and South 
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points are marked on it, corresponding to the position of the 
cunipass ueetlle in the thermos bottle. The tube then forms 
a permanent record of course and inchnation just as the 6" 
tube does. 

In either case the inchnation is read in the goniometer 

Cvne 'tf cormritt 



described and shown by Mr. J, E. Jophng in the Transac- 
tions of the Institute for 1909, and is corrected for capillar- 
ity according to a curve which is prepared for each size of 
tube, by testing tubes at known angles according to the meth- 
od described by Mr. Jopling. Figure 4 shows a curve, for 



LAKE SUPERIOR MINING INSTITUTE Io6 

I }i" tubes. It will be noted that for these larger tubes the 
correction is only 3^° at 45°, which is the maximum. The 
angle can be read to 3/2 "^ and I feel certain that the results 
w of tests for inclination can be relied upon to within 1°. 

To determine the course of the hole the tube is placed 
in the goniometer with the graduated circle set at 0° so that 
the tube is vertical. If the inclination of the hole is steep 
the tube is twisted until the etching shows the dip to be either 
directly toward or away from the eye; that is, until the cross- 
thread bisects the ellipse etched on the glass. If the inclina- 
tion is shallow it is more accurate to twist the tube so that 
the dip is to the right or left of the observer and in the plane 
of the graduated circle. The goniometer is next placed on a 
protractor so that the tube comes vertically over the center, 
and by sighting down over a straight edge placed in line with 
the North and South points marked on the tube the point of 
the compass towards which the hole dips may be determined. 
Figures 3 and 5 sliow tulles with acid, gelatine, compass, and 
North and South iK>ints marked, just as they are taken from 
the drill hole. I intend to have another goniometer made with 
horizontal circle to measure the course as well as vertical 
circle for the inclination, but have not bad an opiX)rtunity 
to do so as yet. 

We have found the method described al)ove very success- 
ful, and two tests at the same point almost always agree. 
When this is not the case more tests are made and so far we 
have always l^een able to ascertain which are wrong. We have 
made tests at a depth of 2000', but it would probably be diffi- 
cult to go much deeper without using more insulating wrap- 
ping around the thermos bottle than is_ possible with a bottle 
and case of dimensions now used. 

The precautions to be taken are three in number: first, 
tliat the compass swings perfectly freely, that is, that it 
does not catch on the cage and that the gelatine keeps liquid 
long enough; second, that there is no local magnetic attrac- 
tion in the rock formation ; and third, that the compass is not 
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aflfected by the steel drill rods or casing or by other iron in 
the hole. The first precaution is easily taken ; the second can 
only be judged by a knowledge of the formation and by tak- 
ing tests at different depths. If these are concordant there is 
probably no appreciable magnetic attraction. The third pre- 
caution is important. We use 20' of brass rods and so have 
no iron within 20' of the compass. Tests with 10', 20', 30' 
and 40' of brass rods at the same depth gave the same read- 
ing in a hole dipping 50° North 45° East so that 20' is con- 
servative. The results of a second test with shorter lengths 
of brass ro<ls at another ix)int are given below : 

Length of Brass Rods. Inclination. Apparent Course. 

i' 62° N 6° E 

2' N2i°E 

3' N39°E 

4' N3S°E 

5' N42°E 

6' N42°E 

7' N4i^E 

8' N23^E 

10' N48°E 

12' Nso^E 

20' "^ N47°E 

SURVEYING IN MAGNETIC FORMATIONS. 

When the rock formation is known to be magnetic, or 
when several tests with the compass do not agree, there seems 
to be no way of determining the course of a hole -but by low- 
ering the rods in such a way that the test tube can be oriented 
at any point in the hole. We have done this by the method 
suggested by Mr. Deacon. The rods are first screwed to- 
gether in one or two long lines on surface just as they will 
be lowered into the hole, with the bronze case at the end, 
all the joints being made as tight as usual. Great care is 
necessary that no twist be left in the rods when screwing 
them together on the ground. This trouble is not experienced 
when there is snow as the rods slip easily on the snow and no 
torsion can be introduced. When the ground is bare it may 
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be avoided by placing level planks at short intervals for the 
line of rods to rest upon and not allowing them to touch the 
ground at any point. If not over 500' in length the rods 
will turn on grass without leaving any twist in the rods. 

When all connected, each joint that is to be broken, usual- 
ly every second joint, is marked with a chisel so that it can 
be screwed up again to exactly the same place. They are 
marked exactly on top as they lie on the ground so that when 
the rods are in the hole the marks will point in exactly the 
same direction. The joints are theil broken, being careful not 
to disturb any joints which are not marked. 

Dikrte, hydrofluoric acid is poured into a glass tube and 
the tube marked with a diamond and placed in the bronze 
case so that the mark on the tube corresponds with that on 
the case. The tube is then lowered into the hole, being care- 
ful to exactly match the marks at every joint. The mark on 
the last rod is placed directly in front of the drill and this 
direction determined, which is the direction of the mark on 
the glass tube. The tube is left stationary at the bottom of 
the hole for about fifty minutes when acid diluted 12 to i is 
used and then withdrawn and washed. To determine the 
course of the hole another mark is made exactly on the op- 
posite side of the tube and the course found by using the 
goniometer and protractor as described in connection with 
the gelatine test. 

This method of course only gives accurate results when the 
rods turn easily in the hole so that there is no twist in the 
rods when lowered. This is usually the case except in very 
deep holes or in holes where the inclination is low or where 
the curvature is excessive. In these cases, unless the hole is 
rifled, the twist may probably be removed by raising and 
lowering the rods several feet a few times after the rods 
are in the hole. Precaution should be taken that the tube can- 
not turn in the bronze case, either by wrapping with paper 
or by using a stopple which fits the case snugly. Our tests 
by this method do not always agree and are apt to 
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be io° or 20° anti-clockwise from the course as determined 
by comi>ass in a non-magnetic formation. One reason for 
this seems to be that in lowering the rods the joints work 
tight or loose because of the friction of the rods revolving 
in the hole. 

The Cleveland-Cliffs Iron Company 

Ishpeming, Michijjan 
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DAILY REPORTS. 



Figure 6 shows a report form filled out by the drillmen 
every shift for the drill foreman and the head office, knd Fig- 
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ure 7 a samjrfe tag which is placed in every bag of core or 
sludge. The record of lime of drilHng and footage of each 
(hamond bit is kept to obtain data on the several stones in 
the bit with the idea of determining which are the most 
economical. These tests have shown that the wearing qual- 
ity of the stone depends considerably upon the specific gravity 
and upon the structure. 

Although it is important to have the drillmen report the 
amount of core saved from each material, yet they rarely 
measure it accurately and if the analyses of core and sludge 
are to be combined as described below the core is remeasured 
when it reaches the office, 

SAMPLES FROM DRILL HOLES. 

The following directions for saving samples are posted 
in the drill shanties and enforced by the inspector. 



^ /si'— 




Directions for Saving Sludge from Diamond Drill 
Holes. 
"Set the standard sludge box just below the floor of the 
shanty and in such position that there is room to siphon oS 
the water and take out the sample without moving the box. 
Connect a tee to the top of the standpipe or casing and lead 
a pipe from it to the nearer end of the sludge box, at such a 
height that it will either be level or slant towards the sludge 
box and just rest upon the top of the box, and of such a length 



1 1 I SURVEYING AND SAMPLING DIAMOND DkILL HOLES 

that it will not project more than one inch beyond the edge 
of the box. The pipe must not be more than two feet long, 
and if longer than one foot must be split on top for the foot 
nearest the sludge box, so that if sludge collects in the pipe it 
may be seen. Set the box level so that water will overflow 
evenly across the whole width at the far end and wedge the 
partition firmly so that it is in close contact with the bottom 
of the box. The top of the partition should be one inch be- 
low the water level. The box is now ready to receive the 
sample and drilling may be started. 

While drilling, care must be taken that no water from 
the drill hole escapes around or over the tee except through 
the pipe leading to the sludge box. Care must also be taken 
that there is no leak from the box and that the three inch plug 
at the end of the box is tight. Sludge samples must be taken 
for every five feet drilled or less, preferably from even five 
foot intervals; that is, from 460 to 465, 465 to 470, 470 to 
475, etc. 

Whenever a sludge sample is to be taken drilling 
must be stopped and the hole washed out clean. The pipe 
leading to the sludge box must be cleaned out into the sludge 
box and either the pump must then be stopped or the tee 
turned so that the water will not be discharged into the box. 
Carefully remove the partition in the box so as not to stir up 
the sludge any more than necessary and when the sludge 
is settled siphon off the surplus water, being careful to keep 
the end of the siphon near the surface of the water and not 
disturb or draw off any of the fine sludge at the bottom of 
the box. To use the siphon, fill with water a three foot length 
of large size flexible hose and with one hand on each end place 
one end beneath the surface of the water in the box and the 
other end on the ground eight inches or more below the top 
of the box. When both ends of the hose are released the water 
will flow out of the box and may be allowed to flow until it 
is seen that the sludge is beginning to go off with the water. 
Then remove the hose and thoroughly mix the sludge in the 
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box to a mud. This must all be removed from the box and 
placed in a pan on the boiler to dry. The pan must be at 
least 8"xi2"xi" deep, with flat bottom, and must be thor- 
oughly cleaned each time before a sample is put in it to dry. 
If enough water cannot be drawn off without disturbing the 
sludge so that the sample can be contained in this pan, a 
larger pan must be used. All the sludge must be saved and 
the sludge box cleaned thoroughly. When the sludge has 
been cleaned out, remove the three inch plug at the end of 
the box and wash out the box with a pail or two of water, 
then replace the plug and partition and drilling may be started 
again. The sludge must be labeled, giving the depths between 
which the sample was taken, when it is placed on the boiler 
to dry. It must all be saved and turned over to the inspector. 
Sludge must always be saved when drilling in iron formation 
or in any other ferruginous or red material. While drilling 
in material from which a sludge sample should be saved, if 
the water is lost, if the sludge does not come up with the 
water^ or if the sludge is contaminated with material caving 
from higher up in the hole, drilling must be stopped im- 
mediately until the hole is put in such condition that good 
sludge samples can again be obtained, or until the inspector 
gives orders that drilling may proceed. 

Whenever the drill runs into or out of ore, provided the 
band of ore or rock is one foot or more thick, drilling must 
be stopped and the sludge box cleaned out immediately, with- 
out waiting to complete the five foot run. When the drill runs 
out of ore continue taking and saving sludge samples for at 
least twenty feet, no matter what the material, so that it 
may be determined whether the ore is caving. 

Keep the core separate from the sludge and each time core 
is pulled label it with the depths between which it was re- 
covered. Each run of core must be kept separate and all 
core must be saved and turned over to the inspector. When 
the core is pulled if it is found that more core is saved than 
the proportion of one foot of core to ten feet of drilling, the 
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sludge box must be cleaned without waiting to complete the 
five foot run, and the sludge labeled and saved separately. 
If sludge from a shorter distance than five feet is in the box 
at the end of the shift's work, and if less than the above pro- 
portion, of core is saved, the sludge may be left in the box 
provided the shanty is locked and the box is inaccessible from 
outside the shanty. If anybody can get at the box, howevec, 
and if there is no watchman, the sludge must be removed 
from the box, dried, labeled and placed with the other sam- 
ples.'' 

The standard sludge box is shown in Figure 8. 

When the samples reach the office they are carefully ex- 
amined and a daily report of all drilling made out on the 
form shown in Figure 9. Samples of all core and of all 

THE CLEVELAND-CLIFFS IRON CO. 
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sludge which runs above 40% iron are preserved in a room 
and in cabinets designed especially for the purpose. A few 
pieces of core are saved from every run and the rest sent to 
the laboratory for analysis if ore formation, or thrown away if 
not. A little of each sludge sample is placed in a small paste- 
board- tray with a temporary label, 10' to a tray, until the 
analysis is completed. Each 10' of sludge sample which runs 
over 40% is then placed in a gelatine case and preserved in 
the same drawer with the core. Gummed paper labels are 
used for both core and sludge and the samples preserved in 
the drawers shown in Figure 10. 

INTERPRETATION OF ANALYSES. 

Mr. W. J. Mead has described our method of combining 
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core and sludge analyses in an article in the Engineering & 
Mining Journal of May 6th, igii, except that we used a 
iormula in the method which I described to Mr. Mead sev- 
eral months ago instead of the diagram which he has de- 

Woi!4sn Qrawtrs Senlogical Dtpt 



veloped from it. Since other engineers may also be interest- 
ed in the formula I give the derivation below : 
Let A ^, diameter of bit outside of carbon. 

" B = diameter of bit inside of carbon. 

" C = feet of core saved in "D" feet drilled. 

" D = feet drilled. 

" S = volume of rock actually ground to sludge. 

" T = volume of rock actually saved as core. 

" T = 3.1416. 

Then S = D (-^ - ~^) + (d-c) ^ 

and 1 = C —r- 

HpnrP ^— D(A2-Ba) + ( D-C)Ba _ DA^ _ 
nence ,^ — j, g^ _ ^^^ _ 1 



and for an "E" bit -, 



s of Bits 

iQside of Carbon Outside of Carbon 

Standard "A" bit i " : 13-16" 

" "K" bit 27-32" ! 9-16" 

IT ( ' .,A.. U-. S 1.8132 D 3.29 D 

Hence for an "A" bit -^ = — ^ — - 1 s= TT" ' 

1.5838 D 3,43 ^ 

T ' .844^0 " ' O " ' 
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To obtain an average of the sludge and core analyses 
giving the proper weight to each, the sludge analysis should 
evidently be multiplied by **S" and the core analysis by ''T" 
and the sum of the products divided by S + T. The result 
is the same and the operation simpler to multiply the sludge 

by ^p- and the core by i and divide by rjr + i ; hence the 
rule for an **A*' bit is to multiply the sludge analysis by 
3.3-^-1, add the core analysis, and divide the sum by 3.3-Q- 

Since the core is rarely pulled in five foot runs we find it just 
as simple to figure the ratio from the formula as from Mr. 
Mead's diagram. 

Mr. Mead did not mention the method of obtaining the 
average analysis which he formerly used, namely, to weigh 
out proportionate parts of core and sludge and combine them 
for analysis. This method is ingenious but is open to objec- 
tions: first, if it is found later that the hole was caving and 
the sludge of no value the core analysis is also rendered value- 
less; second, in order to get true analyses it is advisable to 
send the whole sample for analysis except a small portion kept 
for record, whereas if weighed out a portion must be rejected. 

We only run iron on the five foot samples, with phos- 
phorus if over 40% iron, and manganese if there may be over 
1% or 2%. We occasionally combine several of the five foot 
sludge samples and make a complete analysis for iron, phos- 
phorus, silica, lime, magnesia, alumina, manganese, sulphur, 
titanium and loss by ignition. 

After combining the core and sludge analyses the results 
are further averaged in continuous runs of ore of the same 
grade. We call from 45% to 50% iron lean ore, 50% to 
57% second class ore and above 57% first class ore. 

REPRESENTATION OF RESULTS. 

As soon as possible after the first of the month the record 
of material drilled through the previous month is compiled 
from daily reports and averaged analyses. This is carefully 
checked over with the core and then recorded permanently 
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in the drill book. This is a loose-leaf book with pages shown 
in Figures 11 and 12. The reports of the drillmen and anal- 
yses of samples are copied in this book daily and it forms the 
complete and permanent record of drilling. From this book 
tracings are plotted which are blue printed for the various 
parties entitled to receive the information. Figures 13 and 
14 show the printed forms on tracing cloth used for this pur- 
ix)se. They are I4"xi6", the same size as the loose-leaf sheets 
in the drill lxK)k, and are bound in covers of the same size. 

CROSS-.SECTIONS OF DRILLING. 

For scientific location of drill holes cross-sections must 
be made through previous drill holes, preferably at right 
angles to the strike of the formation, showing the holes 
plotted according to the surveys for inclination and course, 
and showing the material encountered. We make these on 
cross-section tracing cloth ruled in inches and tenths, on a 
scale of 50' to the inch. The sections may be superposed and 
compared, and the cross-section ruling makes it easy to read 
distances and areas without a scale. On these tracings the 
geological boundaries of formations and the outlines of ore 
bodies are drawn in soft pencil, which prints satisfactorily but 
may easily be erased and changed if further drilling shows 
the first assumptions to be wrong. When necessary long- 
itudinal sections are made and taken in connection with a 
plan and cross-secti6ns give a very>good idea of the struc- 
ture. 

DEFLECTIONS OF DRILL HOLES. 

In an article written for the South African Mining Jour- 
nal of June nth, 1910 and again in an article in the same 
journal of March, 191 1, Mr. J. S. Curtis gives an interesting 
theory of the cause of bore hole deflections with results of 
experiments which he made to substantiate his theory. He 
endeavors to show that the influence of terrestrial magnetism 
should cause vertical drill holes to deviate to the North in the 
Southern Hemisphere and states that this is the case in the 
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great majority of holes, although the direction may be 
changed by the character of the country rock. 

In our experience the latter feature is much the more 
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important and from results of our drilling I should not say 
that the great majority of drill holes deviate either North 
or South in all districts. If the strata are flat and uniform 
the holes may do so but if the strata dip steeply this is not the 
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case. In one district where the dip is steep we are certain of 
the course of 14 holes which deviated from the vertical and 
these are shown in Figure 15. Of these holes one went ap- 
proximately North, one approximately South, one North- 
east, five Northwest, one Southeast and five Southwest. Put- 



ting it in another way seven deviated to the North and seven 
tp the South, while two deviated to the East and ten to the 
West. If these results show anything they only show that the 




majority of the holes deviated to the West, but equally to the 
Northwest and Southwest. 

It is very difficult to keep vertical diamMid drill holes 
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straight and I believe that a hole can be located with more 
assurance of striking a certain point in depth if it is given 
an inclination of 85° against a steeply dipping formation than 
if it is started vertical. We have only drilled two holes with 
this inclination, with results as follows: 

Depth. No. I. No. 2. 

At surface 85^ 85^^^ 

At ledge 86° 863^° 

200' 86° 

400' 85° 87 M" 

500' 87>^° 

600' 87° 

800' 88>^° 

1200' 8s>4° 

These two holes are not enough to generalize upon but 
they certainly kept straighter than vertical holes in the same 
district. In addition to that we knew in which direction the 
holes were going, which we do not know when we start a 
vertical hole. In my article in the Engineering & Mining 
Journal of September 17th, 1910, I gave a series of curves 
showing the curvature to be expected in an inclined hole 
when dipping against a steep jasper formation. I would 
change the curve for a hole started at 85°, as that seems to 
be a critical angle under these conditions and the hole does not 
flatten as would be expected. 

In view of the sometimes surprising curvature of drill 
holes I feel that all holes should be tested . for both course and 
inclination at 100 ft. or 200 ft. intervals, whether started ver- 
tical or an an angle, otherwise there is no telling where the 
ore or other strata cut really occur. We recently started a 
vertical hole which at a depth pi 800 ft. was found to have 
an inclination of only 51° from the horizontal. Another hole 
started at an angle NS4"W was found to be running N64°E 
at the bottom. 
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SOCIAL SURROUNDINGS OF THE MINE EMPLOYE. 

BY CHARLES E. LAWRENCE, IRON MOUNTAIN, MICH. 

In this period of time the magazines and newspapers call 
our attention to "Progress in Peace." One of the historical 
events of the movement is the recent treaty of the Empire of 
Great Britain and the United States of America, including 
France, signed by President Taft and the ambassadors of 
these nations. As the United States leads in the art of peace 
in contrast to war, as it effects nations at large, I call your 
respectful attention to the advancing of the peaceful welfare 
of the mine employes, in comparison to former careless and 
indifferent treatment. 

These local conditions are passing through an experimental 
stage, and only the future period of time can determine the 
correctness of this mode of action. The mining territory of 
the Lake Sui^erior district is composed of a large European 
population, coming from all countries, who have only their 
labor to give, lacking in personal wealth, or educational refine- 
ment, to make their lives pleasant and peaceful, or in other 
words, leading a hard pioneer life. With this view the pres- 
ent laws of labor, society and governments begin to change 
these foreigner's lives and make American citizens. The laws 
of personal freedom, exercised here under pioneer conditions, 
are misused, and misjudged, and make for. abuses, largely 
through ignorance, and demand constant vigilance, supervision 
and. care on the part of all good Americans, to guide these 
foreigners in the right channels of thought and action, toward 
each other. 

In the proper consideration of this broad civic duty, and 
Its many relations, we come to its bearing a$ to mining. The 
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labor cost is usually the greatest charge in products, and apv- 
plied to mining, from two-thirds (2-3) to three-fourths (3-4) 
is a probable rate. We, therefore, should give to it the most 
consideration. We have, in the operation of. mining: First, 
experts in the securing or winning of the mineral in the 
ground, represented by our mining captains; second, experts 
of machinery; third, experts in geology; and fourth, expert 
secretaries and auditors. But can we say truly that we have 
experts for the handling, care and study of labor ? I think you 
will all agree with me that it is the one item which has been 
seriously neglected. 

AM I MY brother's KEEPER? 

Yes! When it is a serious financial question of two- 
thirds of the cost of mining ore in the district. 

Yes! When you consider it financially, morally or from 
a broad civic view, as this is the object of government. 

Labor, which is another name for the man, who must 
first take care of himself in dangerous places of mine opera- 
tion; who must handle tools and machinery proi>erly, who 
must do it ten hours on the job and keep it up for three hun- 
dred days of the year, and for several years. Labor is the 
man from Europe, be he Finn, Swede, German, Russian, Aus- 
trian or Italian. 

Labor, under this consideration, primarily answered is 
^That I am my brother's keeper," will assist materially to 
aid us in the mining of ore, cheapver, easier, pleasanter, and 
help rob the vocation of mining of its danger or fear and in- 
stilling a contrasting satisfaction of safety and relief of anxi^ 
ous care. 

now SHALL WE BEGIN? 

First. In having every kind of safety device, as ap- 
plied to mining and machinery, with a competent surgeon and 
a trained corp of employes to act as first aid to the injured. 

Second. In not allowing men to work two or three shifts 
continuously and without rest, which over-taxes their physical 
strength, also, to have a true knowledge of mine conditions. 
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Third. r>y compulse jry accident funds and pension sys- 
tems. 

Fourth. By providing good sanitary houses and sur- 
roundings, with a social center typified by a club house. 

]>y going into detail classification of these four general 
divisions, we find : 

First. Safety devices. The last few years a deluge of 
valuable ideas have Ix^en put in vogue as regards machinery, 
and the ai)i)licati()n of the same to the working parts, to save 
accidents and injury. In mining it is not so easy. The safety 
committee, composed (;f froni three to five employes of aver- 
age intelligence, at each mine, could easily criticise all dan- 
gerous places, and have them proi)erly fixed to save injury. 
Their report <;i criticism could be gone over by a meeting of 
bosses and employes, say once a month, and in this way, 
spread the general information of '"Safety First/' which 
makes a vital, live subject in which each and all are interested. 
This spirit prevailing through the whole force of employes will 
save many injuries, due to general neglect or oversight, and 
help to make an amica1>le relation l)etween nationalities where 
friction exists. Safety signs could l3e put up to call attention, 
and renewed from time to time by changing the colors of 
placard. The surgeon plays a big role in the safety program. 
He could organize a class of employes who could render first 
aid to the injured, and w^ho are constantly on the job, and 
supplied with splints for broken limbs, and a galvanized box 
containing sanitary antiseptic bandages. The money so spent 
is returned in many ways, by consistent care and interest, as 
a humane proposition, also in keeping in good shape the tools 
and equipment for use around the mine, following closely all 
suggestions of the safety committee. 

Second. Next to railroading, statistics classify mining 
as producing the greatest number of fatal accidents. As we 
stop and ponder why, we conclude (i) that a large number 
of men go down in the dark drifts and stopes who are young, 
without judgment and knowledge, lacking a proper under- 
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standing of the English language, in orders given by the 
mining capitain or his assistants, (2) careless fellow workers 
and partners, (3) lack of sufficient light to see how to perform 
the necessary work, (4) poor tools or dangerous conditions 
in working places, left so by the employes on the previous 
shift, (5) lack of knowledge of explosives, (6) long hours in 
bad air, and numerous other causes, all of which end fatally, 
and give to mining a careless indifference which is not seen 
in time to overcome, in the judgment used by green and ig- 
norant employes, who take the risks in order to secure the 
higher wages for duties which they are not fitted to perfoiTn. 
To avoid all this, the mining captain should have a man 
ccmstantly to study the employes, in their different nationali- 
ties, to round out the many sided phases presenting, and build 
up an organization to overcome the dangers constantly com- 
ing up by the new and changing conditions oh each level. 

Third. Every mine should be compelled to have an acci- 
dent fund and a pension system. The vocation of mining 
will always be dangerous. Employes should contribute a part 
of their wages to the care of an accident fund and receive in 
this manner back an insurance fund, to help pay for the loss 
of time. Likewise, as the exhausting and arduous work short- 
ens their lives, a pension system would sweeten and make 
pleasant old age, all of which could be systematically handled. 

Fourth. Social surroundings. Wages being approxi- 
mately equal, men will leave a property where there is an old 
or poor dry house, and go to a mine where there is one up- 
to-date, being supplied with proper washing facilities, such 
as cold and wann water, shower baths and tubs, including 
individual lockers and sanitary arrangement to keep clean. 

This humane phase, considered in its broad view, applies 
to the company houses, which can be kept clean and neat in- 
side by a fresh coat of white wash of^ calsomine, once a year, 
and a coat of paint outside, and should also be supplied with 
fresh water and a small garden, with growing trees to make 
it look like a home. To encourage this latter idea and start 
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it for a few years, prizes could be given for the best vege- 
table or flower gardens, also a small exi)enditure made in free 
seeds, to get the movement properly started. 

With up-to-date schools, a church and a social center at 
which to congregate, such as a club house, it rounds out a 
complete whole in the lives of employes, around a mine. This 
latter may seem a luxury, but a club house, put up by the 
mining company, containing shower and tub baths, bowling 
alley, card tables, billiard and pool tables, combined with a 
reading room having .various magazines and newspapers, with 
a pianola and graphophone, will take i)eople out of the four 
wall of their homes at occasional times, and change their 
thoughts and form a silver lining to the clouds of their daily 
labor, done under dark and dirty conditions. This club house, 
kept always clean and cheerful, and used by wives one day of 
the week, also permission given to growing boys and girls 
on Sundays, has, in at least one case, proven of such value 
thati;he mining company are putting up a second one, at an- 
other of their proi)erties. 

The officer of the company w^hose duty it will be in the 
future to look after the men, could arrange with entertainment 
companies, such as colored minstrels, popular lecturers and 
singers, combined with moving picture or stereopticon shows, 
these to be interspersed to suit local conditions. This officer 
could conduct a night school which is a great dematid at all 
mines by the foreigner who is anxious to read and write the 
English language. Last, but not least, a sympathetic nurse 
should be kept around a mine to assist in family sickness. 

This whole subject simmers down to mutual and amicable 
relations of mine employes and the securing of same. The 
suggestions offered seem warranted and demanded, first, be- 
cause of financial returns and second on civic humane grounds, 
also to change the small distorted ideas of the foreign laborer 
towards his employer to one of mutual respect and confidence, 
all of which will give a cheaper cost in the ore produced, due 
to the amount of two-thirds or three-fourths entering same. 



LAKE SUPERIOR MINING INSTITUTE 



126 



"All work and no play makes Jack a dull boy," unless 

mine operators change the rut they have been running" in 
for the past years. This can be accomplished on a joint basis 
more satisfactorily than is done singly. 

Labor, sandwiched with some pleasant variations, is the 
ideal goal for all mankind. 

Following ^statistics have been prepared by the officers of 

the Baltic Mine club, showing attendance from January ist, 

1909, to August 31st, 191 1 : 

Total Average Daily Total Average 

1909 — Attendance. Attendance. Baths. Daily Baths. 

January 2,725 88 281 9 

February 2,135 76 361 13 

March 2,175 72 - 281 ' 9 

April 2,175 72 281 9 

May 1,863 60 340 11 

June 1,639 55 353 12 

July 1,639 55 353 12 

August 1,758 57 388 " 13 

September 1,645 55 292 9 

October 1,635 53 241 8 

November 1,882 63 186 7 

December 1,745 56 192 6 

Average for year. . ..23,016 63 3,548 ' 10 

1910— 

January 1,219 68 270 9 

February 2,436 87 213 8 

March 2,305 74 296 11 

April 2,020 67 240 8 

May 1,480 48 289 9 

June 1,558 52 320 11 

July 1,590 51 309 10 

August 1,620 52 367 12 

September 1,568 52 186 6 

October 1,530 50 249 8 

November 1,830 61 160 5 

December 1,805 59 125 4 

Average for year 20,961 59 3,024 9 

1911— 

January 2,680 86 180 6 

February 2,355 84 226 8 

March 2,131 70 172 6 

April 1,940 64 275 9 

May 1,880 61 300 10 

June 1,235 42 224 8 

July 1,130 36 174 6 

August 1,220 41 160 5 

Av. for 8 months... 14,571 60 1,711 8 
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TIMEKEEPING SYSTEM AND LABOR DISTRIBU- 
TION AT THE NEWPORT MINE. 

BY G. L. OLSON, IRONWOOD, MICH. 

There has been installed at the Newport Mining Company, 
a system of keeping time and labor distribution, which might 
be termed, *'In and Out clock check system," with addi- 
tional check made by actual observ^ation of men while at work 
by field timekeeper and underground clerks, and it is the in- 
tention in this pai>er to outline briefly the methods used to 
obtain and collate all data in connection with the labor roll 
and distribution of labor charges. 

Both labor roll and distribution are assembled in what may 
he termed a cumulative roll, that is, on the labor roll the earn- 
ings of each man, each day, are added to his earnings for 
the previous day comprising the pay period, so that at any 
time we are able to see at a glance exactly what amount any 
or all employees have earned to date, and in a like manner by 
referring to distributfon summaries, the total amounts charge- 
able to any particular item for the period to date may be as- 
certained. This feature of cumulative figures might be thought, 
at first, very complicated and unwieldy, but experience has 
taught us that the operation is both simple and speedy. By 
availing ourselves of the various mechanical appliances now 
in use in all modem offices, such as time stamps, adding ma- 
chines, addressographs, etc., all electrically operated, we have 
been able to reduce our expense in connection with the time 
department, and also remove to a very large degree the "hu- 
man element'' which is always an undesirable factor where 
actual time records are desired. In connection with speed 
attained by the use of these mechanical appliances and meth- 
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Qcl of accumulative roll and distribution, we believe you will 
agree with us that the desired result is obtained when we 
state fhat at the Newport Mine the Time department is able 
to send to the General office the complete pay roll, checked 
and audited, and distribution of same (covering under nor- 
mal conditions approximately 1,500 employes and 500 dis- 
tribution accounts) eight hours after the completion of a 
month's operations. This is on account of showing the com- 
plete roll to date and balancing cumulative distribution of 
same each day as the month's work progresses, so' that at 
the end of the period there is no necessity for making the 
extensions for the whole month on each individual, and large 
loss of time in endeavoring to balance a month's figures as 
obtained by the pay roll against the distribution charges to 
the various items comprised in the card of accounts. As a 
matter of fact, the ending of a month at the Newport has 
none of the usual terrors for the time and accounting de- 
partments which are so common at plants where the old sys- 
tems are in vogue, the operation being almost exactly the 
same as any other day of the period, no extra work or over- 
time by the department being necessary. 

We have also endeavored to arrange all blanks used in 
the time department so that the information placed on same 
by field timekeeper, underground clerks and foremen will I>e 
exact and give no confusion whatsoever when collected and 
recorded in the time office. Our pay roll and distribution 
sheets are ruled so that they will fit and tabulate on mechan- 
ical devices exactly. 

We were fortunate at the Newport to have had this sys- 
tem of 'Tn and Out checking" installed and perfected be- 
fore building our new timekeeping office, and were able to 
arrange same so that the handling of checks and time cards 
to the men at the start and completion of the day's work is 
greatly facilitated by the arrangement of checking windows, 
alleyways, etc., and, if necessary, we are able to check men 
in or out at four diflferent windows or boys, handling at the 
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rate of approximately seventy-five men per minute. (See 
drawing of Captain's and Timekeeper s office, showing layout 
of checking windows, racks, alleyways, etc.) The equipment 
in the timekeeping department consists of the following: 
check and time card racks, same being interchangeable. 
That is, when checking the men in we have the time card 
racks in place, and when checking out, the brass check racks 
are in place. The brass check racks each hold 500 brass 
checks, and the time card racks each hold 250. In addition 
to this equipment, we have a time card filling bus which is 
divided into compartments and numbered, each compartment 
holding one month's supply of time cards. The time cards 
are filed daily in this bus and held there until the end of the 
month. 

y\ll men must come to the Timekeeper's Office before go- 
ing to work (the underground men to be in their underground 
clothes) and present their brass checks at the window and 
receive, in turn, a time card (Form 89-C) on which the time 
that the employe checks in is stami>ed with electric time 
stamp. This card bears the man's name, occupation, and pay 
roll number, (number in large type), all of which informa- 
tion is printed by the Addressograph. As a general rule a 
weekly supply of these cards is printed and racked on card 
racks which are placed near the check window. The card 
provides for the insertion of the hours worked, rate, hours 
allowed and reasons, if change has been made, amount earned, 
contract number, distribution, and for the signature of the 
underground clerk. It also provides for the signature of 
foreman or captain as voucher for the extra time allowed. 

All underground men carry these cards until seen by the 
underground clerk, who inserts tjie distribution, hours worked, 
rate, amount earned, contract number on the miners cards, 
and signs same, taking up the cards at each place of opera- 
lion and giving them to the foreman in charge. The foreman 
in charge of each particular gang retains the cards until the 
end of the shift, at which time he stations himself near the 
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shaft and returns them to the men. In this way the foreman 
IS aware that all of his men have gone to the shaft. Owing 
to the inability of our underground clerks to make more than 
one trip per turn, on account of the large territory they 
cover, all underground time cards are marked with the num- 
ber of hours constituting a shift. Should an underground man 
go to surface before the end of the shift, he must go to his 

N. M. Co. Time Card N. M. Co. 



In.. 



1S08 



Geo. Bratel Miner 

Hours Allowed Rate 

Hours Worked Reason 

Amount Earned 

Contract No 

DISTRIBUTION 



Acc't No. 


CUSB 


h™. 


Amount 






















TOTAL 







Time Allowed O, K . 



Sigoed.. 



MINERS BONUS CARD 

1470 

Jno. Madyoin Miner 



Amount Bonus 

Company Account Rate. . 



Month Ending 

Form ilTC 

foreman who re-marks the card as to actual hours worked and 
the employe then goes to the 15th level where a record is 
kept by the station man showing the man's number and. the 
t.'me that he goes to surface. These reports are furnished 
the chief timekeeper that he may verify the time appearing 
on the card. In this way no employe can go to surface be- 
fore quitting time and not check out immediately and still re- 
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ceive full time. In addition to the underground clerk's duties 
of marking time cards, they assist the foremen in ordering 
supplies and also relieve them of as much clerical work as 
possible in order to allow them a greater amount of time 
for supervision, inspection, etc. 

The surface cards are marked in a like manner, except for 
mechanical department, teamsters, and surface laborers, on 
whose cards the distribution is not shown for the reason that 
their time, being more or less divided, is taken care of by- 
distribution tickets rendered by the foreman or clerk of the 
various shops. See forms 97-98-99-C. (White shop ticket 
lor construction and red for ordinary repairs). The surface 
cards are marked on the second, or afternoon trip, of the 
surface timekeeper, the cards not being picked up and given 
to the foremen, but returned to the men. 

At the end of the shift all men must exchange time cards 
at check windows for their brass checks (the underground 
men in underground clothes). These cards are then stamped 
with the out time by the electric time stamp, in the same 
manner as checking in. In addition to the surface time keeper 
and underground clerks marking the time cards, a record is 
kept by them in a time book showing the man's name, num- 
ber, occupation, time worked, and carried under the various 
places of oi>eration. This time book serves as the mine record 
and whenever an employe leaves the service of the company, 
a notation is made in this book and the reason therefor. This 
time book is filed and is an easily accessible guide, in addition 
to the daily time card, for the settling of any questions that 
might arise regarding an employe. In order to be absolute- 
ly certain that all men check out, an inventory of the brass 
check board is taken in the morning and evening and any 
checks remaining after a shift is accounted for by inquiries 
made of the foreman by the timekeeper. The explanation for 

these checks remaining on the board is inserted on a regular 
form (CI- 1 78) kept in the timekeeper's office and thus fur- 
nishes information to capltains ior others interested as to 
reason of employe not checking out at the usual time. 
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Shop Order No.. 



NEWPORT MINING CO. repairs 

NEWPORT MINE Account No 

Shop WORK TICKET Date 



.19 



Pay Roll ! 
No. 



Description of Work 



Dept. Hours 



Rate 



Amount 



Time Started _. 
Time Ck)mpleted 



Foreman 



Form 97C— Red— (Reduced) 



Shop Order No. 



NEWPORT MINING CO. construction 

NEWPORT MINE Account No. 

Shop WORK ticket ^»<^ 19 



Pay Roll 
No. 



Description of Work 




Time Started . . 
Time Completed . 



Form 98C— White— (Reduced) 



Amonnt 



Foreman 



Dis. of Surface Time 



NEWPORT MINING CO. 
NEWPORT MINE 



Account No. 

Date 19 



Pay Roll 
No. 



Description of Work 



Dept. 



Hours Amount 



Form 99C— (Reduced) 



Foreman 
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The next step is the method of getting and handling dis- 
tribution. As explained above, all distribution for mechanical 
department, teamsters, and surface laborers, is reported by 
tickets. These tickets give a full description of the work, 
pay roll num'l)er of the man who did the work, rate, and also 
on the shop tickets the shop in which the work was perfonned. 
The tickets are sent to the timekeepers' office at the end of 
each shift and extended and checked against the above enum- 
erated dei>artments. 

After getting the distribution of the mechanical men, the 
time cards for all others are arranged according to the card 

NEWPORT MINING COMPANY 

NEWPORT MINE 
Record of Brass Ckecks in Ckeck Boards 



Iron'wood, Mien.,- 



191 



7t00 A. M. 


7:00 P. M. 


— 1 

3:00 P.M. to 10:00 P.M. 


Check 
No. 


Reason for Check 
in Board 


Check 
No. 


Reason for Check 
in Board 


Check 
No. 


Reason for Check 
in Board 










- 


• 



Form CI-178- (Reduced) 

of accounts and entered on a working sheet, (Form CI-48), 
for the puspose of assembling all charges against each account. 
Instead of entering the total amount under each sub-division, 
the days and rates are entered. This form (CI-48) is also 
used in compiling the daily summary of men employed 
(CI-17) which will be mentioned later. When these are ex- 
tended, the total of tfie distribution should agree with the to- 
tal of the time cards. From the working sheet the distribu- 
tion shown thereon is posted to the regular distribution sheets 
which carry the acctimulative total against each account. 
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THE NEWPORT MINING COMPANY 

D»ily Summiry lien Employed 



FormCI-I7— (Bedowd), 
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The time cards are then arranged in numerical order for 
the purpose of entering same on the pay roll. The cards are 
added in series of thirties, constituting a pay roll sheet. When 
all the cards have been added in this manner, they are then 
posted to the pay roll sheet accumulative, and each sheet is 
balanced by adding the previous total as shown on the pay 
roll sheet to the total on the adding machine tape. The min- 
ers are carried on the pay roll at company account rate 
throughout the month, and at the end of each month the dif- 
ference between the amount earned by contract and that car- 
ried on the roll is added to the earnings of each miner. This 
difiference, or bonus as it might be termed, is posted from the 
contract sheets to bonus card (Form 117-C) on which name 
and number, (number in large type), is printed by the Ad- 
dressograph. These bonus cards are filed with the other cards 
and after the due bills have been made out and checked against 
the pay roll, which is an additional check and serves as an audit 
of the pay roll, they are boxed and stored away for future ref- 
erence. The total accumulative shown on pay roll sheets and 
distribution sheets must at all times balance. 

From the working sheet (CI-48) a rei)ort is made out 
daily (Form 103-C) which shows the charges for the day 
and total for month to date against each account, as per the 
card of accounts. This report is forwarded to the General 
Office and at all times is in balance wath the pay roll. 

In addition to the complete roll which is forwarded to 
the General Office at the end of the month, we are able to fur- 
nish the mine management each day, from data assembled 
by methods herein described, the total cost of each day's opera- 
tion in each division of the plant, giving as complete detail as 
necessary, as well as the cost for month to date. In this man- 
ner if any particular account shows an excessive cost, steps 
can be taken immediately to ascertain the reason therefor and 
remedied if possible. This daily cost is shown on Form CI- 
103. It will be noted that this cost is complete, including ma- 
terials and other information, as we carry our supply dis- 
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bursements and various other plant data on the same cumu- 
lative plan as labor. From the working labor -distribution 
sheet, Form CI-48, as mentioned above, we are able to make 
up complete data showing number of men and just where em- 
ployed each day on a general force report, (CI-17), by which 
the management is being accurately informed as to exact lo- 
cation of every man employed, and any changes in the or- 
ganization from day to day is noted from Form C-171 made 
from CI-48. 

We pay our employes once per month using bank checks 
drawn on pay roll account as a medium of settlement, and, 
as the names on these checks as well as on our due bills, or 
receipts, time cards, and pay roll, are all printed by the Ad- 
dressograph, it removes all possibility of the oft-times ludi- 
crous and sometimes serious evolution of employes' names 
which is always cropping out when the names are transcribed 
from mouth to mouth, by long hand or even typewriter. 

At the close of each pay period, a remainder roll is com- 
piled (Form 84-C) which includes all uncalled for pay checks. 
A copy of this remainder roll is sent to ^he Chief Timekeeper 
for his reference. 

In the event that an employe does not receive his check 
on the regular pay day, he must go to the Timekeeper's Office 
where he secures, upon request. Claim for Remainder Checks 
filled out (Form 81-C) and upon presentation of this claim 
together with his brass check to the Paymaster, he receives 
his check. 

An employe leaving the service of the Company during 
the month receives from the foreman a settlement slip (Form 
CI-76), and presents same to the timekeeper's office. This 
slip ib then filled out from the employe's time cards which are 
^le(l in the Card bus and checked with the pay roll. It is 
thein returned to the employe who presents same to the Pay- 
master's Office, which is located in the main office building, 
where, in turn, a bank check is drawn on the Pay Roll Ac- 
cotjnt andigiven to the employe on presentatioii of his brass 
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check. This brass check is retained by the Paymaster and 
returned to the timekeeper's office for future use. 

It has not been my intention to enter largely into the 
discussion and method of time distribution and costs, but as 
both are interwoven so closely with "Timekeeping," it has 
been almost impossible to differentiate in this paper, and I 
might add that we are making a distribution of both labor 
and supplies on a card of accounts which is so simply "keyed" 
that it is possible for the accounting department, with hard- 
ly any extra cost to the department or mine, to furnish a 
comparative cost of mining ore per ton for each sub-level, 
as well as complete parallel detail of each main level opera- 
lion, the cost of development or both per foot and per ton of 
ore recovered and developed, etc. 

Departmental exhibits are also furnished wherein cost of 
each department is shown on its own particular unit, such as 
Boiler House expense per Boiler horse power developed — 
Light and Power in kilowatt hours — Stable expense in num- 
ber of Horse days worked, etc., and it is believed that 
the care exercised in the first operation of gatherings the data 
in connection with each mail's time is more than repaid in the 
resvilts achieved by an intelligent and complete exhibit of 
monthly costs furnished to the management almost immedi- 
ately after the completion of a month's business. 
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SQUARE SET MINING AT THE VULCAN MINES. 

BY FLOYD L. BURR^ VULCAN^ MICH. 

Since the invention of the square set system of timbering 
by PhilHp Deidesheimer in i860, at the Ophir mine of the 
Comstock Locle in Nevada, it has l^een used under widely vary- 
ing conditions in many districts and may be considered to 
possess in a very marked degree the quahties of safety, thor- 
oughness and general conservatism; while it is always open 
to criticism on the score of expense. Being used under such 
varying conditions and by men with widely varying ideas, it 
is not surprisng to find very considerable differences in the 
dimensions of the timber, the detail of the joints and the 
general application of the system. 

This square set timl>ering was developed to take the place 
of simple props when the Ophir mine vein suddenly widened 
out with depth from 4 feet to about 70 feet. It was of course, 
entirely imprftcticable to span such a width betwe.en the hang- 
ing and foot walls with a one-piece prop or stull timber and 
in order to produce what would be in effect a prop made up 
of several pieces, the square set scheme was devised. The idea 
was that the compressive stress due to the weight of the 
hanging wall would be resisted by a series of **caps" butting 
against each other and held in alignment by other members 
acting at the joints. This conception of the function of the 
caps makes them the princii>al members, the others being more 
of the nature of auxiliaries. Probably this condition is most 
nearly true in case of steep dips. However, in the use of the 
system in general, there are places where the "legs'' or the 
"dividers'' may have to carry the heaviest load and indeed they 
must always carry certain consideraible components of the main 
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loads. It must also be borne in mind that the timber is used 
incidentally as staging from which to carry on the work of 
mining and to support temporarily considerable amounts of 
broken ore. These incidental functions of the timbers may 
indeed have a strong bearing on their manner of use and in 
the selection of sizes. 

There are many systems of details for framing the ends 
of the pieces to form the joints, depending on the conditions 
of pressure, cost, facilities for framing, etc., as these condi- 
tions appear to the man w^ho directs the mining operations; 
but it is my belief that timbering is carried out too generally 
by a blind following of the local time-honored method with 
Httle consideration of the actual requirements. To design a 
joint scientifically, one must first decide as to the magnitude 
and direction of the pressure and stress to be resisted and 
then dispose the timber in such a way as to best serve the 
purpose, it being of paramount importance to remember that 
timber is about five times as strong to resist compression along 
the grain as it is across the grain. 

This square set system of timbering has made possible 
and given rise to a number of square set systems of mining. 
That in use by the Penn Iron Mining company at its Vulcan 
mines might be called the **square set room and pillar" system 
of mining. There are several other mining methods in use 
at these mines, the most notable of them being the "top slic- 
ing'' system, which is sometimes used independently, but more 
often as an auxiliary to the square set work to mine out the 
ore pillars left between the square setted rooms. In the min- 
ing of soft or medium ores, the square set room and pillar 
method is applicable where the ore body is too wide for stull 
limbers; where it is so irregular in shape that in following out 
the limits of the ore the width is -liable to vary greatly and 
unexpectedly; where the condition of the rock back is such 
that it will not cave down successfully for the top slicing 
method; where caving methods in general cannot be used for 
fear of destroying valuable or essential surface works ; where 
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previous operations have rendered underground conditions un- 
fit for caving methods; where it is necessary to begin mining 
on several levels at once instead of progressing only from the 
top downward; where the output must be forced in quantity 
or in date; where it is considered essential to recover with 
certainty all the ore; and in general where conservatism is 
the ruling factor. 

Due to the existence of some of the above conditions at 
Vulcan, the system has been quite generally used there. Levels 
are usually established at lOO foot intervals and when the 
ore body is encountered the drift is continued throughout the 
length of the ore, there being no regular practice as to fol- 
lowing the foot or hanging walls or drifting in the middle. 
Some crosscutting is done at irregular intervals, thus defining 
the general limits of the ore body. Frequently raises are driv- 
en upward to connect with the level above for ventilation and 
for lowering timber. 

In beginning the mining operation a line for the timbering 
is chosen, sometimes paralleling the timberwork on the level 
above and sometimes being a line parallel to the longitudinal 
axis of the ore body as nearly as may be approximated from 
the development done. When there are pillars of ore still 
unmined on the level above, it is of course considered essential 
to keep that in mind in the laying out of rooms and pillars, 
which comes next in sequence. At right angles to this longi- 
tudinal line which has been chosen for the tim'bering, rooms 
are laid out. These rooms are made from two to four sets, 
or from 14 feet 10 inches to 29 feet 8 inches wide and their 
length is of course the width of the ore body. The interven- 
ing pillars vary in width from two sets to five sets. 

Figure i shows the plan of a certain level in one of our 
mines being worked by the square set system. This ore body 
's larger and more regular than many of them, but the smaller 
and irregular ones are worked the same way. In this figure 
an irregular development drift has marked out the limits of 
the ore in a general way and then rooms have been laid out, 
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leaving pillars between them. The heavy dotted lines are the 
side lines of the rooms. The area occupied by pillars is shad- 
ed. Figure 2 shows the irregularity in size and shape com- 
monly met with in the Vulcan ore bodies. 

As the rooms are gradually cut out on the level, square 
sets of timber are placed in position and usually a set is 
placed as soon as there is space for it, thus avoiding large areas 
of unsupported back. The sets are blocked in place and 7- 
foot lagging are laid on top. Usually 9-foot legs are used 
for the first floor, while all other floors have 7-foot legs. These 
lower legs are usually stood directly on the ore beneath, it 
not being found necessary to use sills to distribute pressure 
or to tie the legs together. Years ago sills were used regu- 
larly. The duly reason for using sills' would be tO' facilitate 
the ^^catching up'' of the debris when the room his been filled 
with waste rock and the workings below have progressed up 
to the level. Instead of using sills, the present practice is to 
anticipate the beginning of the filling operation by laying down 
on the floor of ore at the level a sheetitig'of lo-foot round 
lagging, it being comparatively easy to *'catch up" this lagging 
when working up to it in the subsequent operations from be- 
low, and to thus avoid the caving down oi loose filling ma- 
terial. The sides of the rooms next to the .pillars are lagged 
up outside the legs of timber to prevent the ore from the 
pillar caving into the room. - 

After a given room has been cut out and: limbered the one 
set in height over the whole area frotn hanging to foot, thus 
completing the **first floor,'' the lagging are removed over one 
set and an opening is cut upward large enough to accommo- 
date a set of timber, thus, beginning the **second floor .^' This 
floor and the succeeding floors of ore are in due time mined 
out one set at a time and the timbering- left in its place until 
the level above is reached, or to a point some 15 feet under 
the level in case it is necessary to leave a floor to accommo- 
date haulage ways or other conditions on the level above. In 
the most usual case when a 15-foot floor pillar is left, a raise 



^1 



si 

l\. 



LAKE SUPERIOR MINING INSTITUTE I50 

is cut through it connecting to the level above. See Figure 3. 
In blasting down the ore it is aillowed to accumulate to 
some extent on the .various lagging floors and occasionally 
the "stope is cleaned up" by shifting the lagging like the dump- 
boards of gravel wagons, allowing the ore to fall down into 
the chutes which have been provided at the level. The vari- 
ous rooms in the series will generally be found in different 
stages, some being worked nearly up to the limit, while others 
are barely begun. 

In the usual course of action, the roOlms are filled up with 
waste rock produced elsewhere in the mines by the driving of 
exploratory drifts and other openings or sent down from sur- 
face rockpiles in cars or dhutes; or in case these sources do 
not yield the necessary material, rock is mined for the pur- 
pose from suitable places in the hanging or foot walls. This 
rock is trammed in cars and dumped down from the level 
above until the room is full. Of course the timbers are left in 
place and no attempt is ever made to recover them. Before 
starting to fill a room, a sheeting of split lagging is placed 
'at the side of the room bearing against the legs toward the 
pillar to prevent the subsequent rock filling from running out 
when the pillar is being worked later on. 

I understand that some years ago at the West Vulcan mine 
the filling was ^'puddled in'^ with water and the result was 
a material like a water-bound macadam, concrete-like in its 
ability to stand up as a rigid mass. This, I presume, would 
hardly have required the support of lagging. 

Whatever passage-ways it is desired to maintain are cored 
out in the rock filling. These may include a ladderway be- 
tween levels, tramways on the lower level and suitable mills 
adjacent to the pillars. These mills are to be used for access 
to the pillar and for chutes down which the ore is sent when 
mining these pillars by the top-slicing method. When all the 
rooms have been worked out and filled, the pillars are usually 
attacked by the well known "top slicing" method. By this 
method the ore is mined from the top of the pillar in a *'slice" 
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only some lo feet in depth and the debris above caved down 
as each successive slice is removed. At the same time the 
floor pillar left over the adjacent rooms may be removed. 

While the method as outlined might be called the standard 
method; it is frequently departed from' in several ways. Thus 
sometimes the pillars are worked away as extensions of the 
rooms by what is known locally as **sidei slicing." This side 
slicing has been used considerably. To explain it: Suppose 
we have a pillar three sets wide between two rooms each three 
sets wide. After the rooms have been worked out and the 
square set timbering occupies the space, it may be found that 
no severe strain has shown its effects upon the timbering and 
the ore pillar shows no tendency to cave. Under these cir- 
cumstances it may seem wise to risk taking off a slice one 
set wide from one side of the pillar. This then widens the 
adjacent room to four sets wide and reduces the pillar to 
two sets wide. This space is of course timbered with square 
sets precisely like those in the rooms, progressing from set 
to set and floor to floor. After this one slice has been suc- 
cessfully cut off from. our pillar, we may be bold enough to 
risk taking off a similar slice from the other side and finally 
removing the remaining third producing a great room 9 sets 
wide ; or it may be considered too risky to do this and resort 
be made to filling the rooms and top slicing the remaining por- 
tion of the pillar. 

Sometimes the above described procedure is carried on 
with the variation that the rooms are filled in the usual man- 
ner with waste rock before attacking the sides of the pillars. 
Sometimes also after the rooms have been filled with waste 
rock, the pillars are *'taken out on timber" as it is spoken of 
locally. In this scheme the pillar is treated just as if it were 
a room and the filled room a pillar, the whole three sets width 
of pillar being rnined up and timbered with square ^ets. 

Taking up now the details of timbering, reference should 
be made to the sketches. In Figure 4 the joint is shown in 
modified isometric projection; The sketch represents 12-inch 
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timbers, Imt lo-inch and irt-inch timbers are also in use, the 
tenons on the legs being made 4 inches and 8 inches square 
resi)ectivcly. It will be noticed tliat the framing- is extremely 
simple. A great deal of the timl)er is framed by machinery, 
but there is also some hand-framing. Both round and square 
timbers are used. 




Figure 5 shows a "divider sill" and a "cap sill" and a 
"bevelled post," and their use is indicated in Figure 3. The 
"divider sill" is used to allow the timbering to prc^ess over 
the footwall, while the "cap sill" may com? into use in a 
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similar way at the end of the ore lense at the foot of the 
pitch. The "bevelled post" or "hang-ing; post" is used in fol- 
lowing up the hanging wall. 

Contrary to the more usual practice, the caps are placed 



along the strike of the vein and the dividers at right angles. 
I am informed that the reason for this is that it is desired to 
place the overhead lagging in the direction from foot to hang- 
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ing and since it must take the weight of ore blasted down up- 
on it, it must rest on the stronger members — the caps, the 
caps being the stronger because they have the greater bearing- 
area on the leg. 

The legs are spaced 7 feet center to center from foot to 
hanging, while in the longitudinal direction they are at 7 foot 
5 inch intervals. 
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overhead work, platforms equipped with hand-rails and toe- 
boards must be installed. Illustration No. 13, from photo- 
graph No. 90, shows the steam line and idler bridge, with 
platforms, from the engine house to the shaft at Prince of 
Wales mine, Negaunee, Michigan. 

These illustrations are selected as being typical of the work 
done by the Oliver Iron Mining company along the lines of 
safety appliances, and similar illustrations could be taken at 
every operating mine and shop. 

Naturally, the expense involved in this safety equipment is 
very considerable, but as was explained by Judge Gary, cost 
is a subordinate matter; safety must be given the first consid- 
eration. 
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DIVERSION OF THE STURGEON RIVER AT THE 

LORETTO MINE. 

BY CHARLES H. BAXTER, LORETTO, MICH. 

The Sturgeon river formerly passed over the Loretto mine, 
Pine creek entering the river just south of the ore body. The 
ore was mined out in square set rooms, pillars being left to sup- 
port the surface. By this method 40 per cent of the ore was 
removed. 60 per cent being left in pillars. 

In 1907, the Loretto Iron Company decided to divert the 
courses of the Sturgeon river and Pine creek to the west of 
the mine in order that the whole of the ore body could be 
mined. The work was commenced in December, 1907, and 
completed in July, 1908. The lower part of the cut, between 
Pine creek and the outlet, was first excavated, so that ma- 
terial from the upper portion could be wasted in the Pine 
creek valley, forming an earth dam which diverted Pine creek 
into the new channel. When the whole canal was completed, 
two more earth dams were built, one to divert the Sturgeon 
river into the new channel and one across the old river bed 
above the outlet of the canal, to prevent water from backing 
up to the mine. 

The excavation was made with 70 ton steam shovels and 
waste material handled by small locomotives with trains of 
four yard dump cars. 

DIMENSIONS AND DETAILS. 

Length 5440 feet. 

Bottom width 45 feet. 

Greatest depth 50 feet. 

Average depth 20 feet. 
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RAISING SHAFT AT THE ARMENIA MINE 



RAISING SHAFT ON TIMBER IN HARD ROCK AT 

THE ARMENIA MINE. 

BY S. J. GOODNEY, CRYSTAL FALLS, MICH. 

When the shaft was raised from the 7th level at the Ar- 
menia mine, of Corrigan, McKinney & Co., the following 
method was used. 

A winze was sunk a short distance from the main shaft 
on the 6th level where the best ore and least amount of wa- 
ter would be expected, and carried down 125 feet. Drifts 
were driven from the bottom of the winze lx>th ways at the 
same time; one drift to open up the new level so that when 
the shaft was completed the new level would Ije developed for 
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some distance, the other drift going to a point directly under 
the shaft. At this point a room was opened up the full size 
of the shaft, and a sink cut taken up about six feet deep. 
The hitches were then cut and the shaft bearers put in, also 
the level-set of shaft timber. This was lined up and squared 
witli the transit, and the set blocked up solid and covered 
with 8 foot lagging or flat timber (Fig. i ) . The back was then 
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blasted out to make room for the station sets of the shaft. Aft- 
er these were in place, room was made and four sets of round 
timber put in the level station. 

The shaft having three compartments, a rock chute was 
built in the center compartment by spiking; plank on the inside 
of the divides, the plank being extended up to the second set 
from the top. By having one set open it insures perfect ven- 
tilatio-n (FJg. 2). The north compartment was used as an 
air-way and the south compartment for the air pipe, ladder 
road, and bucket way to hoist drills, tools, timber, etc. A 
small puffer and J^" wire rope was used. The top set was cov- 
ered with a piece of maple timber, 6"x8", laid on top of the 
wall plates (Fig. 3a and 3b) to protect them in blasting. The 



shaft was lagged over on top of the flat timber with 10" round 
maj>le timljer. hewn off a little on each end to prevent rolling. 
A two foot space in the center was left c^n for the brcJcen 
rock to pass through into the chute, and for the miners to 
pass up to their working places. Two pieces of fiat timber 
were put in between the round timber, one at each end, and 
spiked to prevent the lagging getting out of place when blast- 
ing. With the ladder road covered in this manner the danger 
to the men in going up the shaft after a blast is reduced to 
the minimum. By tramming enOugh rock from the chute so 
that it will hold all the rock from gn^ blast, there is no dan- 
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per ui breaking ihe air pipes or ladders, and witli the cliute 
nearly full all llie time it makes the venlilatii.'n almost perfect, 
;-s the lanher the shaft was advanced the better the ventila- 
tion. 

At first there were four miners on each shift of lo hours 
each, with four hammer drills. The rock being a hard jasper 
and ver>- bkicky ilie piMjn"*>s ^^as ver)- niisatisfactor>-. The 
hammer drills were taken out and four Xo. 3 Rand piston 
drills put in mounted on o^dina^^* S foot shaft bars and clamps. 
Two niiire miners were put on each shift, making three men 
10 two drills at each end of the shaft. The rounds consisted 
of ij holes drilled six feet deep, as shown in Fig. 4. All 




JH.li's were fire\l with fuse, the electric blast was considered 
Tiy> heavy on the tinilier, the 10 ci:t holes being lin?d first. Aft- 
er trininiiug llie Itack. a set of shaft limlwr w.is put in (Fig. 
5 I and lined up with the station set. <,all sets lieing lined frtwn 
station set'i and blocke<l secuivly, l^at limWr was put on 
this new set wiih round maple lagging .-uid secured the same 
as the bft set. The iix->ls weiv all jxissed up. aiid the chute 
aii.l ladder R-ad extended. Tlie remaining H^ holes. J? on each 
end. were then fireil. The OJt being already lvla.«led \Mit these 
h.'lcs are n.ii .is heavy and do not affect the timl*er to any 
greii extent. As nwKh rock as possible from this blast was 
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kept on the laggiiig making the best possible protection to the 
new set of shaft timber from the cut holes of the next round 
(Fig. 6). With this system progress was much more satis- 
factory, considering the hard and blocky nature of the rock. 
Three sets of timber per week were put in, io"xio" shaft tim- 
ber and 4 foot studdle, making 4'-io" per set. 

At the same time that the shaft raise was started, there 
was a drift driven 20 feet from the south side of the station, 
where a 5'x6' winze was sunk 30 feet. A drift was driven 
along the hanging of the shaft from the bottom of this winze. 
When this drift had advanced to a point opposite the center 



line of the shaft it was turned at right angles for about 10 feet, 
and a small raise put up. By the time this raise 
was holed to the level the main shaft raise had advanced 
to a point where a six foot test hole was drilled through into 
the bottom of the shaft above. On being certain that there was 
only six feet of rock between tlie back of the raise and the bot- 
tom of the shaft above {^ig. 7) the last round of holes was' 
drilled accordingly, and let stand until ali was ready to fire 
them. The timlwr in the raise was extended up as far as pos- 
sible so that when the pillar was shot out it would take only 
one set of timber to fill the space between the new and old 
shaft timber. The top set in the shaft was then lagged over 
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and Miicked up solid. Then tlie toiils were sent down, the 
i>roken mck tranime<l rmt of the chute, the chute plank taken 
out, also the shaft raise cleaned down and skip sump stripped, 
and the broken rock |>asse(I through the small raise where 
it was trammed with a bucket «>n a truck and hoisted up to 
the level thnnig-h the winze. After completing the .sump the 
skip ruiuiers or giii<les were put in, ihe chutes huilt. the car 



(lumps put in, and everything completed. The pillar was shot 
out at II o'clock Saturday night and on the following Monday 
at noon all was ready to hoist ore, only delaying the hoisting 
five hours. 

As previously stated the drift from the bottom of the 
small winze was driven along the hanging of .the shaft. Fig. 
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8 shows the reason for this, also the arrangement for cleaning 
out the skip pit of all ore or rock that may fall into the shaft 
from the skips being over-loaded. The chutes can be emptied 
at any time withont interrupting the hoisting of ore, as it is 
not necessary for arty one to be in the shaft. This eliminates 
the overtime, as this work was usually done after 11 o'clock 
on Saturday night. Two men can now do the work in the 
same time it took eight men before. The cars are run under 



the chutes, and loaded the same as at any other chute, and 
then run to the turn sheet and put oh the cage (Fig. 9) and 
hoisted to the next level (30 ft.) and then run back and dumped 
into the skip. In case the cage is in use lowering timber, or 
otherwise engaged, there is a truck and bucket to hoist the ma- 
terial through tJie winze dumping it in a car as usual. This, 
of course, takes two more men, one to land and dump the 
bucket and one to run the puffer. 
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ACCIDKXTS IX THK TRAXSPORTATION, STORAGE 

A XI) USK OF EXPLOSIVES. 

BY CHARLES S. lirRTER. Dl'LUTII, MINX. 

Tlic Study of accidents in the handling, keeping and use 
of explosive materials may be undertaken with two objects in 
view: Lst, to prevent accidents by warning against improi^er 
manipulation, careless handling and dangerous methods of 
using and storing explosives, and Jnd, by minimizing the de- 
structive effects of explosives where it is not possible to giiard 
absolutely against accidents, as, for instance, by locating maga- 
zines for explosives in such places that the damage which 
would result from an expl(Jsion would be reduced -to a mini- 
nnun. 

The r^>ritish government has kept detailed records of all 
accidents in the manufacture, storage, transportation and use 
of explosives since the year 1875. The British Explosive Act 
of 1875 was designed more to prevent accidents in the manu- 
facture of explosives than to protect the users. The printing 
of the detailed reports of accidents in the annual reports of 
His Majesty's Insj^ectors of Explosives has been of inestimable 
l^enefit to the users of explosives by showing the causes of 
accidents and discussing the same from all ix>ints of view. 

The tables in these reports, showing the number and par- 
ticulars of accidents from thawing, loading, striking unexplod- 
ed jiowder in the debris, etc., show what operations are most 
likely to be attended by accident as well as those operations 
which are most dangerous. These figures show a much great- 
er number of casualties from loading of blast holes than from 
manufacture of fulminate blasting caps and the separation of 

Technical Representative, E. L Du Pont De Nemours Powder Co. 
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nitro-glycerine from the acids. The reason for this is easily 
discernible, as the first is frequently done by careless and ignor- 
ant laborers, while the others are the work of skilled and 
cartful operators. 

The English Blue Book is referred to because its issues 
form a compilation of every accident with explosives in the 
United Kingdom (England, Wales, Scotland and Ireland), 
since the year 1875. Whenever a man is killed or hurt in 
using, manufacturing, storing or transporting explosives, the 
particulars are at once given to the government inspector; so 
that they collect the details of the less serious as well as the 
more disastrous accidents, and it is from the former that the 
most valual>le information can be gained. An explosion of 
a large quantity of powder generally obliterates any clues that 
might lead to tracing the cause of that explosion, while the 
lesser acci4ents, which only injure one man, often leave the 
man so that he is able to tell what happened. 

In this country the E. I. DuPont de Nemours Powder 
Company has, for six years, made a systematic collection of 
newspaper clippings relating to accidents with explosives and 
it is from these that the writer has to obtain his data. This 
is not a very accurate source of information as compared 
with the English reports but it is the best obtainable in the 
United States up to the present time. While the larger acci- 
dents invariably get into the newspapers, sometimes iji a 
very "highly colored" form, many of the smaller and possibly 
more instructive ones get no notice whatsoever. Also, the 
newspapers, in describing accidents, often omit what appear 
to be minor details, which on the other hand are of extreme 
importance to i>eople interested in the safe methods of hand- 
ling explosives. Even the kind of explosive causing the acci- 
dent is quite frequently left out of the description of that acci- 
dent. 

In this paper the writer has carried parallel tables of acci- 
dent statistics for the year 1 910 in the United States and Great 
Britain. Those taken from the English reports are given be- 
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cau>c ihey are an acc^ura-e cr^mpilati' »n by government officials 

 f :he *leiail> ••£ every acciderit with exp]«:»?ives in the United 
Kin<^u«»ni. ( )n ihe "iher hand the reconls of accidents in'^the 
l'n!ie*l States are •.»l»iaine>i s«.»]ely fr- im newspaper clippings 
-•htaine'i fr-iin vari'»ii> dijipint^ Imreai*^ A? even*one knows, 
newspajier aco.»unt> are ■.♦ften n.»: ^tatirely accurate, details of 
interest t-* tl^er^ and manufacturers ««f explosives are often 
lackino^. In niakin<: a 0'mparisi;»n of the accidents with ex- 
j.-osive> in the twv* c..»imtries, *»ne must remember that the 
annual o.'nsunij»:i«.'n **i luasting exfJv.»sives in Great Britain is 
ib.'Ut 30.ooo,oco }»i»im<is against aU»ut 227,000.000 pounds in 
the Uniitil States. In al! the tallies taken from the Ei^lish 
refK'ns the writer h.as rec'assifieil the explosives, for the sake 
«»f simplicity, ace- •niini^ t. • the American standards. "Black 
l^Avder clr-ss" covers n^t ••n'iV gunpowder but nitrate mix- 
tures where j.»arafritie. etc.. iias l>een substituted in part for 
charoi'al "Dyr.amite" c^-'vers all classes c»f hig^li explosives. 

ACCIDENTS IX STORAGE. 

The ca:>c> -•: :icc:«.!ents :n storai^e are irenerallv vei^* diffi- 
ctilt t'« a>cena:n. : because the qurnnity expKxled is as a rule so 
OTeat as i- » leave no clue behiitu. It is onlv occasionallv thai 
a reas<'naMe cause can l»e assii^rr^ed to such an occurrence. 
Mc»st '>! tjieni are the resuit of tiie violation of rules of ordin- 
ary' cc«nini'jn sense, such as smoking, carrying naked lights, 
keeping detc-nators with explosives, brush fires where the 
ground arc'und the magazines has not been properly cleared, 
bullets fro'm careless marksmen, etc. To illustrate the causes 
cf accidents in stc»rage the following examples are given: 

A terrific explosion c»ccurred at Kimberly, South Africa, 
in the year 1S84, of aU^ut 75,000 ^xxinds of higli explosives. 
and 16000 i>«mnds of gtmjx^wder. The cause was laid to 
the prc»bable i»resence of a Kaftir smoking in the shade of one 
(*i the cc»rnigateil ir«>n magazines and igniting some gunpow- 
der which mav have leaked out through the cracks. Xaturallv 
all direct evidence of tlie cause of this explosion was obliterat- 
ed. 
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On January 6, 1906, a fire started from stumps of cig- 
arettes that some l)oys had been smoking, caused the explosion 
of fifty pounds of gunpowder stored in a bam at Sacramento, 
Cal., resulting in considerable damage to property. 

On January 5, 1909, at Plymouth, Penn., 1,500 pounds 
of dynamite in a magazine exploded, doing considerable dam- 
age to property and injurying several nearby inhabitants with 
flying glass. This magazine was heated by steam and some 
(iynamite came in contact with the pipes. 

On January 15, 1909, some miners at Vivian, W. Va., 
were filling their *' jacks" with powder in a small shanty, when 
a spark from one of their open lights caused the explosion of 
half a ton killing all four of them. 

On April 11, 1909, at Beckley, W. Va., a man wished to 
kill a chicken for dinner. Being adverse to unnecessary ex- 
ercise he took his rifle with him. The accounts do not state 
whether he hit the chicken or not, but his bullet entered a 
shanty containing 180 pounds of dynamite, causing him to 
depart for his heavenly home accompanied by a loud noise, 
leaving a badly wrecked house for his heirs to repair. 

On December 9, 1909, a man entered a magazine at Bulls 
Gap, Tenn., with a lighted pi^^e, thereby reducing the popula- 
tion of that place by three and leaving four cripples. The 

regrettable feature is not so much the loss of the fool as the 
good men he took with him. 

At Eaton, Ohio, on October 13, 1910, a boy fixed a tar- 
get on the end of a small dynamite magazine and began prac- 
ticing with his rifle. The boy escaped but the magazine disap- 
peared and considerable damage was done to property in the 
immediate neighborhood. 

A feature not applying to the Lake Superior district is the 
practice of contract miners, who use explosives in small quan- 
tities, of keeping them in their dwelling houses. This applies 
more to coal mining sections and is particularly true of some 
of the more ignorant classes of labor. Their children some- 
times, when not observed, discover and get to playing with or 
about these explosives with the result of decreasing the popu- 
lation of the immediate neighborhood and keeping the medical 
profession busy. 



iSi 



ACCIDKNTS WITH EXPLOSIVES 



In the far west, in Lx'ations distant m»m railroads, where 
supplies have ti» l)e taken lonj^ ^lisiances in teams or on pack 
animals, miners On finishinj:^ assessment work on claims or 
other Work, wlien nioviniT^. s<»metimes leave what explosives 
they do not use in the shacks where they lived. More than 
<»ne prosi)ector has 1. -st his life through ignorance of the pres- 
ence <»i explosives left in this manner. 

The following tahles show the accidents in storage of ex- 
plosives in the United States and Great Britain, during the 
year 191 o as taken from a c»»llection of newspaper clippings 
pnd the re^jn «»f His Majesty's Inspectors of Explosives for 
1910: 

♦TABLE I 

Showing the total number and nature of accidents in the storage 
of the different kinds of explosives in the fnited States during the 
year 191'»: 



Accidents Causinftr Lues of Life Accidents Not 
mnd Bodily Injury _ 

- _ — - CaosiniT Loss 

No. of Person* 



Dynamite 

Black Powder 

Unspecified Explosives 

Gunpowder 

Btastin? Caps 

Djmamite & Black Powder 

Dynamite & Blastincr Caps 

Fireworks 

Ammunition 

XitroKb'cerine 

TOTALS 



Number of 
Accidents 



13 
3 
3 
1 

1 
U 
1 

3 



Total Number 
of 
Killed Injured Bodily Injury Accidents 



of Life and 



36 

1< 

3 



11 





5 



61 
6 

A 



1 


o 






9 
3 

o 
o 


2 


2 

1 

4 



22 
6 
5 
3 

3 

3 
1 



•>:; 



62 



94 



50 



♦DuPont annual report for 1910. 

♦TABLE II 

Showing the total number and nature of accidents in the stor- 
age of different kinds of explosives in the United Kingdom during 
tlie vear 1910: 







Accidents Causing Loss of 


Accidents Not 


VV* M^ 1 ^V 


CLASS OF 


Nature of 


Life and Bodily Injury 


Causing Loss 


Total No. 


EXPLOSIVE 


Explosion 
Gunpowder 


Number 
Acciden 


of No. of 


Persons 


or Bodily 
Injury 




of Acci- 




t^ Killed 


Injured 

S 


dents 


Gunpowder 


6 


2 


6 


Nitrate Mixture 



















< Black Powder 














Class» 














Ammunition 


Shells 


3 


1 


3 




3 


Hi^ Explosive 


(Dynamite in 
the American 
Classification) 

• 

















TOTALS 


9 


3 


11 


2 


11 



♦Report of His Majesty's Inspectors of Ehrplosives for 1910. 
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The vast difference in the amounts of explosives used an- 
nually in the United States and the United Kingdom, 227,000,- 
000 pounds vs. 30,000,000 pounds, is one of the most import- 
ant reasons for the great difference shown in these two tables. 

In regard to the prevention, or rather reduction, of acci- 
dents in the storage of explosives, it is of the utmost import- 
ance not to keep blasting caps or electric fuzes in the same 
magazine or place with explosives. These are the most sen- 
sitive and dangerous of the materials used in blasting. If any- 
thing happens to them when kept separately, the damage is, 
as a rule, very small. On the other hand if kept with ex- 
plosives and anything happens to them, the result is often a 
disastrous explosion involving loss of life and great property 
damage. This rule should be rigidly enforced at all times. 
Some authorities, owing to the fact that a very small spark 
will ignite black powder, recommend the keeping of black 
powder and high explosives in separate magazines. The fol- 
lowing accident illustrates clearly the advantage of storing 
detonators in separate magazines from other explosives: 

On July 21, 1909, at Coplay, Pa., fire caused the destruc- 
tion of a magazine containing blasting caps, injuring no- 
body and causing no outside damage. This illustrates very 
strongly the advantage of storing detonators and explosives 
in separate magazines. If dynamite had been stored in this 
magazine, the results might have been very disastrous. 

The proper storage of explosives is now receiving attention from 
a number of state legislatures. The following shows very clearly the 
advance in the matter of precautions between the old and new reg- 
ulations in Michigan. 

OLD LAW. 

Provides that no person shall manufacture, sell, keep for sale, 
or offer for sale, any high explosives which are not marked, brand- 
ed or stamped as in this act provided, i. e , a brand or mark on 
each case distinctly showing the percentage of disruptive force con- 
tained in each cartridge of said case, and the name or trade mark 
and the address of the manufacturer, and no person by himself, 
agent, or servant, shall sell, keep for sale, or offer for sale any dy- 
namite, or other high explosive not branded, or marked as provided 
Jierein. To falsely brand mark or stamp any such explosive, or sell. 
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keep for sale, or offer for sale any high explosive bearing any false 
brand or mark is a misdemeanor and punishable as such. Any vio- 
lation of this act is a misdemeanor and punishable as such. 

I'he state of Michigan at its 1909 session adopted the federal act 
of March 4, 19u9, entitled "An act to promote the safe transportation 
of explosive and other dangerous articles," and therefore, the federal 
regulations covering the transportation of explosives are by this sta- 
tute made state regulations for intra-state transportation of explo- 
sives. 

NEW LAW. 

At the 1911 session of the Michigan legislature an act effective 
April 14, 1911, entitled "An act for the prevention of fire waste, and 
the creation of the office and the appointment of a state fire mar- 
shall, for the appointment of his Assistants, to prescribe the duties, 
powi^rs and authority of each, to fix the salaries for the same and 
to provide for salaries and necessary expenses," was passed. 

This act deals generally with the powers and duties of a state 
fire marshal and among other powers provides as follows: 

The state fire marshal shall make regulations for the keeping, 
storage, use, manufacture, sale, handling, transportation or other dis- 
position of highly inflammable materials and rubbish, gun powder, 
dynamite, crude petroleum or any of its products, explosive or inflam- 
mable fluids for compounds, tablets, torpedoes or any explosives of 
a like nature, or any other explosives, including fire works and fire 
crackers, and may prescribe the materials and construction of re- 
ceptacles and buildings to be used for any of the said purposes. 

(Note) : The provision last quoted was not in the bill as orig- 
inally introduced; was inserted by amended bill shortly before it 
was enacted. As the act of 1909 above referred to expressly pro- 
vides that the regulations formulated by the Interstate Commerce 
Commission, pursuant to section 2 of an act of congress (the federal 
explosive transportation act) shall be binding upon all common car- 
riers engaged in intra-state commerce within the state of Michi- 
gan, which transport explosives by land, there would seem to be 
a conflict between the 1911 act, above referred to, and the 1909 
act :ust mentioned, in this, if the fire marshal undertakes to make 
rules and regulations for the keeping, storing, use, manufacture, sale, 
hanc^ling and transportation, or other disposition of highly inflam- 
mable materials and rubbish, gunpowder, dynamite, etc., which con- 
flict with the Interstate Commerce Commission rules, the question 
would arise as to which rules were effective. In my opinion the In- 
ters'^ate Commerce Commission rules and regulations, covering trans- 
portation of explosives, cannot in the way attempted by the legisla- 
ture of Michigan become a part of the criminal law of Michigan, 
and therefore, section 2 of the Michigan act of 1909, attempting to 
make the Interstate Commerce Commission rules binding on state 
carriers, is inoperative. Therefore, the rules, if any, promulgated by 
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the Gtate fire marshal would not be held invalid, because of conflict 
with a prior legislative act. It is, therefore, important, in event the 
state fire marshal undertakes to make rules touching the manu- 
facture, storage, sale or transportation of explosives, that we take 
such part as we may be permitted to take in the formation of these 
rules to the end that they be workable and satisfactory to the in- 
terests affected thereby. 

Section 7. No person, firm or corporation, keeping dynamite 
for sale or use, shall store or permit to be stored within the state 
of Michigan, any dynamite within a building used for any other pur- 
pose. 

Any building containing dynamite must be labeled "Dynamite" 
in letters not less than six (6) inches in height, or two inches in 
width, on said building. The word "Dangerous" must also be painted 
in plain sight of all passers by, on all sides of buildings containing 
dynomite. 

Section 9. These regulations shall tal^e effect and be in force 
from and after the 14th day of April, 1911, in accordance with Act 
79 of the Public Acts of 1911, which gives the state fire marshal au- 
thority to make these regulations. 

Section 10. Any person, firm or corporation who shall violate any 
of the provisions of these regulations, shall be deemed guilty of a 
misdemeanor, and upon conviction thereof shall be fined not less 
than ten ($10.00) dollars, and not more than one hundred ($100.00) 
dollars. 

ACCIDENTS IN TRANSPORTATION. 

The DuPont Company has records and full descriptions 
of quite a number of accidents to explosives in transit, where 
no explosions occurred, all of a sensational character. Minor 
ones, of which there may be hundreds, are not included. Sev- 
eral years ago a carload of dynamite was in a wreck at Pots- 
dam, N Y. The car containing the explosives was badly dam- 
aged; boxes were burst oi>en and cartridges actually fell on 
the tracks and were passed over by car wheels without any 
explosion occurring. While the fire, which destroyed the 
piers of the D. L. & W. R. R. at Hoboken, May 30, 1904, 
was in progress, a car loaded with dynamite intended for use 
in the tunnel was pulled out, a mass of flames. The car, 
blazing fiercely, was rushed back into the yard and water 
from a dozen lines of hose turned on it, finally extinguishing 
the fire. There was no explosion. 

A sensational accident was reported to have occurred on 
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April 13, 1906, in a mine near Salt I^ke City, Utah. While 
driving a mine train of nine cars loaded with dynamite into 
the tunnel of a mine, one of the cars was overturned, the dv- 
namite exploded and the driver, who was hurled back a dis- 
tance of forty feet, was stunned but not seriously hurt. Xone 
c f the other cars exploded. Each car contained 200 pounds 
of dynamite. Blasting- caps were probably l^eing transported 
witli the dynamite and caused it to explode. On the other hand 
in the same collecti(ni are found a fairly large number of 
accounts of accidents to expU>sives in transportation that re- 
sulted in serious explosions. Over half were caused by fire 
and the rest by collisions. 

Sh(joting at marks which present themselves along high- 
ways and railroads is a favorite pastime of some people. 
Trespass signs, semaphores, notices, guide boards, tool houses, 
and al)an(l()ne(l buildings peppered with shot are common 
sights all over the country. Boys shooting into structures 
supposed to l)e unfKrcupied has always helped toward keeping 
(l(jwn the tramp population. The records are full of accounts 
of explosions caused l)y ign(>rant j^eople shooting into maga- 
zines or cars containing explosives. While it is a compara- 
tively simple matter to construct magazines with walls that 
will stop a high power rifle bullet, this is hardly practicable in 
the case of freight cars. The cause of a disastrous explosion 
of three cars of dynamite at Johannesburg, South Africa, sev- 
eral years ago, is laid to a stray bullet. About fifty people 
were killed in this accident. 

About the most appalling accident in the history of ex- 
plosives occurred on November 3, 1893, when the Spanish 
steamer ''Calx> Machichaco,'' arriving at the harbor of San- 
tander, Spain, was found to be on fire. Her cargo consisted 
of wine, flour, petroleum and 1,810 cases (47 tons) of dy- 
namite. Until thirty cases of dynamite, stated to be the entire 
amount on lx>ard, were taken out, the ship was not allowed to 
come alongside the quay, which became crowded with specta- 
tors watching the sight of a ship on fire. After burning for 
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two hours and a half, a terrible explosion occurred, which 
killed 520 persons and injured about 1,000 more* besides do- 
ing an immense amount of structural damage to the town. 
Compared with the Santander disaster the accidents in the 
transportation of explosives in this country have been com- 
paratively mild. 

On June 8, 1900, train No. 61, local freight on the D. L. 
& W. R. R., containing a carload of dynamite placed next to 
Hie caboose, in violation of the railroad's regulations, stopped 
at Vestal, N. Y., and the train was left standing on the main 
track, while the engine went to the water tank just beyond 
the station. Through a misunderstanding of signals a "wild 
cat" engine crashed into the rear of the train, No. 61, explod- 
ing the car of dynamite. Five persons were killed and many 
injured. The property damage was several thousand dollars. 
Since that time the "Bureau for the Safe Transportation of 
Explosives" has been organized, which has made an ironclad 
rule that cars containing explosives must be carried in the 
middle of freight trains. The excellence of the above rule is 
shown by the results of the following accident. On December 
18, 1909, a carload of dynamite was exploded near Dunkirk, 
N. Y., by a rear end collision between freight trains. The ex- 
plosion did considerable damage to property but nobody was 
killed or injured. The car was in the middle of the train. 
The following is a good example of the result of carelessness. 
On December 10, 1909, an explosion of 35 kegs of blasting 
ix)wxler and a keg of smokeless powder in a freight car oc- 
curred in the Minnesota transfer yards at St. Paul, Minn., 
killing one and injuring two men. This was caused by a man 
driving a nail into a keg while bracing- the powder for ship- 
ment. 

One of the most disastrous accidents in the transportation 
of explosives in this country occurred at Harrisburg, Pa., on 
May II, 1905, causing the death of about twenty-five passen- 
gers. There was a collision between a westbound express and 
a "buckled'' Qar containing a 1q\v grade nitroglycerin explo- 
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sive in an eastlxjuiul freif^^ht train, which fell across the track 
in front of the express. There was no explosion clue to the 
coIHsion hut in the fire which immediately followed, at least 
four exi)losions occurred. There was no suspicion of a crater 
where the car of expl(jsives must have Ix^en, so that it is hard 
to ))elieve that a larg-e quantity of i>owder was involved in 
any one of the explosions. Parts of a great many boxes which 
contained the powder were scattered all around, showing with- 
out doubt, that not all had exploded. 

In the transportation by water care must be taken to pre- 
vent water coming in contact with the explosives. In the cases 
of blasting powder and blasting caps these are ruined and ren- 
dered comparatively hamiless by contact with water. On the 
other hand water will dissolve the nitrate of soda in the dope 
of the American dynamites and replace more or less of the 

• 

nitroglycerin in all but the gelatins. This exuded nitrogly- 
cerine is liable to collect in the bottom of vessels, or be ab- 
sorbed by wooden planks, making an accident liable to occur 
at any lime. In the transportation of explosives care must 
be taken at all times to keep blasting caps and electric fuzes 
apart from other explosives. Detonators are the most sensi- 
tive and dangerous of all explosives but when kept apart the 
tesult of any accident to them is usually insignificant to what 
it would be if they were close enough to set ofif other ex- 
j)losi\es. Detonators should not l>e transported in the same 
car with explosives or in the same hold or compartment in 
vessels. In the case of team deliveries small quantities of 
blasting caps can safely be carried in strong padded wooden 
lx>xes arranged so that the boxes containing the detonators 
cannot move. Also explosives should not be carried with 
matches, intlammable oils, pig iron, heavy steel castings, etc. 
.\ fair comparison of the accidents in the transportation of 
explosives in the United States and the United Kingdom is 
impossible. The rail hauls in the United Kingdom are few 

and short. Explosives are carried as much as ix)ssible by 
water in steamers owned by the companies with the result 
that accidents in transit are .ver)- rare. 
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To show the beneficial effect of the rules laid down by 
tlie Bureau for the Safe Transportation of Explosives, the 
following *comparative table of accidents in transportation, 
during the years 1906 and 1910; is shown: 



YEAR 



1906 
1910 



Accidents Calisingr Loss of Life and 
Bodily Injury 



Number of 
Accidents 

20 
2 



Number of Persons 



Killed 




Injured 



337 

4 



(Accidents Not 
 Causing: Loss 

or Bodily 
I ' Injury 

I 

5 

I 

5 



Total Number 

of 

Accidents 



25 

7 



♦Taken from DuPont annual reports. 

The 1906 list contains the Jellico, Teiin., accident which 
killed 10 and injured 200 people. One of the causes advanced 
for this explosion was that the car of dynamite was bumped 
by one containing pig iron. The other was that it was shot 
into by a careless marksman. The rules laid down by the bu- 
reau not only decrease the possibility of accident but reduce 
the probability of loss of life and damage to a minimum. At 
the present time accidents in the actual shipment of explosives 
by rail in the United States are almost unknown. It is in- 
teresting to note that none of the accidents to blasting ex- 
plosives in transit in 1910 caused either loss of life or injury 
to people. 

The writer feels that he cannot leave the subject of acci- 
dents in the transportation of explosives without mentioning 
the valuable work done by Maj. B. W. Dunn and the '*Bu- 
reau for the Safe Transportation of Explosives." The iniles 
covering the transportation of explosives laid down by this 
bureau are second to none in the world and have doubtless 
prevented many accidents and saved many lives. The ex- 
cellent work done by Major Dunn and his associates deserves 
the commendation of everylxxly connected with the manufac- 
ture, transportation, use of explosives and in particular that 
of the general public. 

ACCIDENTS IN THAWING DYNAMITE. 

While ^ccident3 in thawing dynamite really belong under 
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the heading of "Accidents in the Use of Explosives'' the writ- 
er considers this subject one of sufficient importance to be 
treated hy itself. 'J'his chiss of accidents is interesting in that 
it offers more chances for mitigating its dangers, and more 
l^'romise of returns iroiu educating the consumers, than any 
otlier. The man who designs or uses the thawing house is 
generally of a higher intelligence than a lalK>rer and is more 
amenable to reason. A blaster may **know it all" in regard 
to the correct method of loading and firing his blasts, but the 
*'boss'' is generally willing to accept suggestions regarding the 
methods of thawing. A method often found at places where 
more than a case i>er day is used, is a box or house with a 
steam coil on the floor over which the dynamite is supported 
by slats or boards. This method offers an excellent opportun- 
ity for the nitroglycerine to exude if the temperature becoines 
unduly high and for it to drop on the hot iron pipe. It has 
]>een a generally accepted theory that when nitroglycerine is 
(Iropix^d from a height of a foot or so on a hot metallic sur- 
face it will explode, and it has been known positively to do 
so when the heated metal is a stove lid. A thawing house in 
Connecticut, which was constructed so that exuded nitro- 
glycerine could drop on the steam coils, exploded not long ag-o 
and the accident was explained on this theory. The danger 
is greater with high grade straight dynamites than with the 
gelatins or ammonia dynamites. 

As to frequency of accidents from the various methods of 
thawing, reference will be made again to the British govern- 
ment reports, which cover all accidents in thawing dynamite 
from the year 1872 to December 31st, 1910. These are given 

in order of frequency : 

1. Heating over or in front of a fire , 41 

2. Reheating water in which dynamite has been 
placed to thaw 11 

?>. Placing explosives in water, then heating it over 
a fire 10 

4. Placing dynamite in ovens 8 

5. Thawing cartridges -in the hands over a lighted 
lamp or candle 7 

6. Placing dyuamite in hot ashes 7 
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7. Placing cartridges on top of a stove 7 

8. Warming on a shovel over a fire 5 

9. On hot iron 4 

10. On a steam pipe 2 . 

11. Rubbing cartridges together to warm them by 
friction 1 

12. Overheating 1 

The casualty list in the United Kingdom gives during this 
j:)€riod 80 killed and 129 injured by these accidents. The rec- 
ords in the United States; taken from newspaper clippings 
during the year 1910 show 24 accidents in thawing causing 
bodily harm with a casualty list of 31 killed and 22 injured. 
Four accidents in thawing occurred that did no bodily hann 
making a total of 36 accidents in thawing dynamite in this 
country during the year 1909. 

A table showing the accidents in thawing in the United 
States in order of frequency for the years 1909 and 1910 is 
as follows : 

1909. 1910. 

1. Over or before an open fire 18 10 

2. Unknown causes 6 9 

3. Over or near a hot stove 5 3 

4. Over a hot boiler 2 

5. Over a naked light 1 

6. In contact with hot bricks 1 

7. In water over a fire 1 1 

8. Rubbing in hands 1 

9. Burying in quicklime 1 

10. Thawing inside a miner's shirt 1 

Every method of thawing dynamite given in these tables 
is specifically condemned by all manufacturers of explosives 
and warned against by nearly all existing literature on the 
subject. Two of these accidents were unique. On March 25, 
1909, a man placed some hot bricks in a bag with some dy- 
namite to thaw it. In this case the powder caught fire before 
exploding enabling the man to escape. On December 11, 
1909, a negro, near Richmond, Va., was thawing dynamite 
before a fire, the result being the ignition of the explosive . 
The negro's sense of economy being better developed than 
that of the common variety, caused him to try and beat the 
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lire «ntt with a clul>. It t<»>k several men the l)est part of a 
(lay to o>llect eimngh of him fn»m the l<x:al scenen- so that 
his relatives an<l friends omld have a Inma fide funeral. 

• 

A j^^reat many Masters, in this country, toast dynamite over 
a c )llecti<>n of candle stumps: l>lo\v live steam into a box con- 
taining <lynamite. thereby unintentionally extracting a consid- 
erable quantity of nitroglycerine, wliich lies in a dangerous 
puddle on the tl nir, mast ilynamite annnul l)onfires. cmi top 
of and un<ler hot boilers an<l soak the cartridges in buckets 
of hot water, which water is dum|)ed outside where there is 
continuous travel, withtuit accident, showing the amount of 
ill-treatment that nitroglycerine exj)losives will stand, some- 
times. 

The records show two specific instances where thawing" 
houses, heated bv a stove in the middle of the nx>m, have ex- 
pKuled. These explosions t«H>k place in the middle of the night 
some time after the n^oms hail l>een hnrked. One took place 
in Kansas and the other in Pennsylvania. One of the favorite 
and dangerous methixls of thawing dynamite in the United 
States api)ears to l^e ti>asting it in front of fires. The oven 
is also a i>oi)ular receptacle for frozen powder. Past records 
sliow ninnercus accidents caused by thawing dynamite in hot 
hand. The only variation, as a rule, is the time before ac- 
tion is obtained and the difference in size of the casualty list. 

The insertioii of blasting caps and the making of primers 
in the same room in which dynamite is being thawed has un- 
doubtedly been the cause of several Ixid accidents. That near 
tiie Murray Hill hotel, in Xew York city, on January 27th, 
iix>-« ^vas apparently from this latter catise. combined with 
a fire in tlie waste i>ai^r from the wrapi>ers. For this reason 
the leading manufacturers recommend, that for outside work, 
the thawing houses l)e a^nstnicted so that it will 1^ imi)OSsible 
lor a man to get inside at. all, except to rej^air radiator, etc. 
The d(X^r to this entrance should l^ locked at all other times. 
Overheating the thawing house by steam pii)es has also causeil 
several exi)losi(^ns. If it is im|>issible to substitute hot wa- 
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ter (the safest method of heating) for steam, at least one 
should insist on the outlet of the steam pipe being left free and 
wide open, so that the steam is not under pressure. A valve 
should l)e placed on the pipe leading into the thawing house 
but never on the outlet. 

The observance of a few simple precautions should prevent 
practically all possibility of accident in thawing explosives. Al- 
ways keep the cartridges laying on their sides. Heating slow- 
ly at temi)eratures not to exceed 80 to 85 degrees F., the low- 
er temperature being l>est, always keep the dynamite in good 
condition. Take all possible precautions to prevent overheat- 
ing and never place the dynamite directly above the source 
of heat. Never thaw dynamite by direct contact with steam, 
by placing in hot water or before oi>en fires And lastly, never 
keep blasting caps or electric fuzes in the thawing house. Since 
the introduction of low freezing dynamite, there has been a 
marked diminution of accidents from thawing in the United 
States. During the year 1906, *two years before the introduc- 
tion of the first low freezing dynamite, there were reported 
64 accidents from thawing dynamite against 28 in 1910, 
the third year in which low freezing dynamite was on the 
market. 

ACCIDENTS IN THE USE OF EXPLOSIVES. 

The numl^er and variety of ways that trouble can develop 
in this class seems to be infinite and new ones seem to be in- 
vented every day. The accidents in which people have been 
killed or injured by not taking proper care in the use of ex- 
plosives are all carefully reported in the United Kingdom, 
but are rarely given in the newspapers of the United States, 
w^here the accidents are not of a serious nature. In the Eng- 
lish report for 1910 there were 6 cases mentioned where shots 
blew^ through into another working place injuring men work- 
ing there. Such accidents are entirely unnecessary if proper 
warnings are given and heeded. Aside from this, one of 
the most common operations in which accidents, in the use 
of both dynamite and black powder in the United Kingdom 
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< cciir. is tlie loading; and tamping of charges. It is interesting" 
t.» Tii»te fn.ni the Knglisli report for 1910, that with dynamite 
four cases occurred and seven with black powder, where coi>- 
jien hrass, in>n, <»r c<>mix)sitit>n tamping hkIs were used. This 
-h<.\\> that all metal tamping sticks should- Ije avoided, only 
\v«». m| heing a safe material. 

In reference tt> accidents in the l«>ading and tamping of 

charges, the fullnwing (|U()tation is taken from the "Rei>">rt 

of Mis Majesty's Insi>ectors of Explosives for the year 1910.*' 

In i)art this does not apply to the United States, as explosives 

here are packed in cartridges of standard outside dimensions 

all over the countrv: 

There were 3G accidents in ramming or stemming the charge, 
causing seven deaths and injury to 36 persons. In ramming charges 
into a borehole there must always be some danger, and it cannot be 
too strongly urged that this operation should be carried out with the 
least possible exercise of force: but there can be little doubt that 
in all these cases undue force was applied. The best method of pre- 
venting this class of accident is to insure that the men are not al- 
lowed" to use drills which have become much worn, and also that 
the diameter of ihe cartridge is such as to give good clearance even 
with a slightly worn drill. It is most important that the cartridge 
shall not stick in the bore hole, as if it does the miner is quite cer- 
tain to use sufficient force to get it to the bottom of the hole, as 
to lire the charge half-way down the hole would entail him the 
loss of half his work. We have suggested to various members of the 
explosive trade the advisability of standardizing the diameters of 
the cartridges supplied by them to the mines. In the manufacture 
of blasting cartridges some little difference in practice obtains; some 
firms considering that a 1-inch cartridge is one that has been squirted 
through a 1-inch die, others making an allowance for the paper wrap- 
pers. Consequently in a mine in which the men have been in the 
habit of using a cartridge made by one of the latter firms they 
would find ihe drills a shade too small to work with the cartridges 
of the formers production. Our proposal has been that the cart- 
ridges should be made exclusively of certain standard "over all" 
diameters (22, 33 and 44 millimeters have been suggested) and that 
these cartridges should be known as sizes 2, 3, 4, etc.. and that 
intermediate sizes should not be made after a given date. Tius w^ould 
cause a slight expense in altering drills at some mines, but we learn 
that the cost of this in a certain large mine was only about £7, so 
that this should form no insuperable obstacle. After the care which 
.should be devoted to the drills, the other points which require at- 
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tention are (I) to avoid bunching the cartridges (i. e., tying two 
or three together or otherwise inserting several at the same time), 
(II) the use of wooden rammers, (III) the thorough softening of all 
nitroglycerine explosives before use. Even with all the above precau- 
tions, however, the use of undue force may always cause an acci- 
dent. A general impression seems to exist that, at any rate in the 
case of gunpowder, no amount of ill-treatment with wooden, or even 
copper, tools can possibly lead to danger, whereas, as a matter of 
fact, sufficient heat to ignite gunpowder may without mifch difficulty 
be produced by the contact of two particles of flint or other hard 
substance without the intervention of iron or steel — the absence of 
which therefore merely reduces the risk." 

Frozen nitroglycerine has some very contradictory proper- 
ties. It is more insensitive to the shock from a fulminate cap 
or a rifle ball when in that condition but on the other hand it 
appears to be more liable to explode on breaking, crushing, 
tamping, etc. Every year there are numerous accidents due 
to users tamping frozen dynamite and there is an average of 
five to six cases each year where workmen have been killed or 
injured simply by breaking a frozen cartridge of dynamite 
in their hands. The fact that the dynamite does not as a rule 
explode with its full force is shown by the fact that more men 
are injured than killed by this operation. Attempts tO' use 
frozen dynamite should always be prohibited as aside from 
the danger of this practice, it is practically impossible to get 
the full explosive force from it. Out of 19 accidents in load- 
ing and tamping charges in the United Kingdom during the 
year 1910, 8 were due to attempts to use frozen dynamite. 

Accidents from sparks, flames, etc., to be disastrous gen- 
erally, though not always,- require the presence of either black 
ix)wder or primers Thus throwing lighted matches around, 
a favorite American habit, gets immediate results with black 
ix)wder, but only after a lapse of some time in the case of 
dynamite cartridges, unless blasting caps or electric fuzes hap- 
pen to be present. An occurrence which narrowly escaped be- 
ing an accident happened in the New York subway tunnel un- 
der 194th street in March, 1904. The blaster after prepar- 
ing his primers by inserting an electric fuze in each cartridge 
of a box of gelatin, proceeded to remove the wrappers from 
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the cartridf^e of six more cases of gelatin. These wrappers 
soaked in paraffine and ixissihly containinj^^ a trace of nitrog-h- 
cerine were heai)ed up over the box containing the primers. A 
driller from the heading came down to speak to the blaster 
and placed his naked bug light among the wrappers so that 
the flames just escai)e(l reaching the paper by about half an 
inch. After burning cheerfully in that position what seemed 
an interminable i)eri(Kl, the bug was casually removed by the 
blaster to the intense relief of at least one of the si^ectators. 

The obvious remedy for this class of accidents is to keep 
sparks and flames aw«n' from all explosives. On no account 
should any explosive l)e taken into a blacksmith shop or boil- 
er room. Smoking should be absolutely prohibited on any 
work while explosives are being used. The practice of re- 
moving the pa\)cv wrapjKTs of cartridges of dynamite, while 
a common one in some parts of the country, should not be 
encouraged, or if it is imi)ossible to prevent, the wrappers 
should ])e immediately taken away from .the vicinity of the 
explosive. In one quarry in New Jersey it is the practice for 
laborers to save the pai)er wrapi>ers from their dynamite cart- 
ridges for kindling their fires at home although they state 
that they do sometimes spdl a stove. 

In the United Kingdom, the most common source of ac- 
cidents in the use of explosives is from sparks, flame, etc. 
These all occurred with explosives of the blasting powder 
class. With the black powder class of explosives contact with 
si>arks or flame brings immecliate action while with high ex- 
plosives, unless detonators are attached, the explosive general- 
ly burns at least long enough to enable anybody in the im- 
mediate vicinity to escai)e. Practically all these accidents were 
caused by miners carelessly wearing open lights in their hats 
while preparing charges for blasting. The practice of wear- 
ing naked lights in the hal, common among a very large num- 
l>er of miners, while filling cartridges with black powder or 
while making primers of high explosives, is extremely dan- 
gerous and should be absolutely prohibited if possible. There 
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are several records where men have lost both hands and some- 
times have been blinded in addition, ]>y the falling of a spark 
or a drop of hot candle grease from lights worn by them into 
an open box of blasting caps held in their hands This has 
also been known to cause very disastrous explosions when this 
kind of an accident has occurred in the presence of dynamite. 

PREMATURE EXPLOSIONS AND FAILING TO GET AWAY IN TIME. 

Accidents from these causes generally are the result of 
gross carelessness. This class of accidents both in the Unit- 
ed States and in the United Kingdom claims a large number 
of victims. 

A great many of these in the United States are caused by 
the use of too short a length of fuse, known in some mining 
districts as '*skin em back" shots. In some sections of the 
United States, it is a common practice in loading holes to use 
only -from one foot to eighteen inches of fuse on the primer. 
The miner lights the fuse, pushes the primer into the hole, 
shoves a tamping dummy on top and runs. Sometimes the 
primer sticks and the man gets caught while trying to dislodge 
it. One or two gas .or dust explosions in coal mines have 
been caused by this method of blasting, where the flame blew 
out on account of poor tamping. 

The writer saw a man narrowly escape death when using 
this method of blasting by pushing the lighted end of the fuse 
down on a primer of 60 per cent nitroglycerine dynamite. 
The preliminary burning of the dynamite allowed the man 
to get back about six feet from the hole when the fire reached 
the blasting cap, exploding the dynamite. This method of 
blasting should be absolutely prohibited as the saving in dyna- 
mite that can be made when it is properly tamped will more 
than pay for full amount of fuse necessary to reach outside 
the hole. 

In England a large number of premature shots (nine dur- 
ing 1910) as well as hang fires (two .during 1910) occurred 
with the use of squibs. While blasting with squibs may have 
certain advantages, the very greatest care should always l3c 
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taken in iisinj^ thcni to avoid getting caught hy either "prema- 
ture'' or "hang fires/' 

In the EngHsli report of 19 lo there were records of ten 
accidents resulting in one death and injuries to nine persons 
from electric blasting with a man at the shot hole. All of 
these accidents occurred in coal mines. One accident in 1909 
was caused by the lead wires accidently coming in contact 
with the temiinals of a drv cell batterv while the shot firer 
was connecting the shots at the face. Those of 1910 wxre due 
to the shot firer firing the' blast l)efore the persons at the shot 
hole had taken cover. Records of this class of accidents in 
the United States are very few. On SeptemlDer 14, 1909, at 
Nehalem, Oregon, a blast of 10,000 pounds of dynamite had 
l)een prepared. The ]>Iaster trying to move the connected 
blasting machine to a safe position, fell, pushing the plunger 
down, which caused a premature explosion killing one and 
injuring five persons. A safe rule to prevent this kind of ac- 
cident is to have the man, who fires the shot, be the last to leave 
the face and for him alone to connect the leads to the blasting- 
machine. Lead wires should never l3e connected with the 
source of the firing current until the time to fire the blast. 
This rule should never under any circumstances be disregarded. 
Occasionally miners get caught in wet places being delayed 
by the difficulty experienced in lighting fuses. 

IIANG-FIRES AND RETURNING TOO SOON. 

This class results from the use of squibs, caps and fuse in- 
stead of electricity for firing the blast though not exclusively. 
It is entirely inexplicable why an electric exploder should ever 
hang fire, and that they ever do is doubted by many; never- 
theless there have been several circumstantial accounts of an 
entire line of holes going off several seconds after the rack bar 
struck the shunt spring at the bottom of a blasting machine. 
Several authentic cases are on record where the exploder set 
fire t(j the dynamite which after burning for some time in the 
bore hole eventually exploded. At one place a blast hole load- 
ed with dynamite missed fire. The next day, it is said that 
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two holes were drilled near it, charged with black powder and 
fired. After a lapse of several seconds the blaster returned to 
the hole, when the dynamite exploded, injuring him fatally. 
In ihis case the dynamite was probably ignited by the gun- 
ix)wder and burned until heat enough was generated to ex- 
plode the remainder. With ammonia dynamite an accident 
of tliis kind would hardly be possible on account of the diffi- 
culty with which the ammonia dynamites are inflamed. 

Three instances were reix)rted in Great Britain in the year 
1900 where a fuse hung fire for at least 55 minutes. At a 
quarry near Wilmington, Del., a case occurred where a fuse 
hung fire for ten minutes. Since the substitution of hemp and 
jute to the exclusion of cotton for the body of practically all 
but fhe cheapest fuse manufactured, the records of hang fires 
have almost entirely disappeared. How^ever, it is a pretty safe 
rule to prohibit the approach of a missed cap and fuse shot 
for at least one hour. In some English and American coal 
mines the time is increased to 24 hours. 

When practicable, it is most desirable that blasts in large 
quarries and mines should be so timed that at least half an 
hour must elapse before the workmen return. This is accom- 
plished in most mines by having the men shoot when going to 
lunch and off shift. This also gives the faces a chance to be 
properly ventilated before the men come back to work. 

TAMPERING WITH MISSED SHOTS. 

This is the cause of quite a large number of accidents evei*y 
year Particularly in hard rock and where miners w^ork by 
contract, the men will almost invariably try to save a missed 
hole by extracting the charge rather than drill a new hole. This 
is a very dangerous practix:e and should be avoided at all times. 
A number of accidents are also caused by drilling a new hole 
so close to a missed shot that the drill entered the unexploded 
charge. Another bad practice is the blowing out of missad 
charges by means of compressed air. A miner doing this at 
Webb City, Mo., on July 24th, 1909, killed himself and se- 
verely injured his partner. 
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Afcidciits ill l<>;uliii^ aiitl taiiipiit^. taniiteriiig with missed 
nIh'Is and strikiiij^ iincx|>liKii.'d ]K>\v<ler in ilebris are much more 
fR'i|«ent in the winter than the summer months. These are 
ihio hirgely l<> thi; tampiiifj and use of frozen or chilled dyiia- 
iiiit'.'. In cold WL-alhcr Masts, where nit n glycerine explosives 
are nsed. should i)c fired as snon as loaded to prevent the jxts- 
sil>i1ily ol chillin;:^ or freeziiifj on standing. With a view of 
jjiviiig <letails of these Winds of accidents, the writer inserts the 
fojlowinfj taken fn«n the "Reimrt of His Majesty's Inspectors 
of F.xplosives" for the year 1910: 

"WitJi a view of throwinp; light on the (Kcurrence of acci- 
dent under the three headings •Ramming, etc.,' 'Boring' into 
iincxpliHled charges,' and "Striking unexploded charges in the 
dehris.' we again give a tahle s]ii)wing the niimljer of acci- 
dents which occurred dnriiig each month. Only those in which 
an explosive containing over 10 per cent of nitroglycerine was 
involved are liere sliown. This tahle shows in a most markecl 
way that the hnik i>f these accidents occur in the first three 
months of tlie year. They disap|)ear almost entirely during the 
smnmer, and show a tendency to recur as the weather gets 
colder again. It is found tliat during the first three months 
of Ihe year explosives of this class are more likely to be frozen 
than at any other time, as it takes some time for the explosive 
to !>ec<Miie fnJzen in the magazines; indeed, it is more often 
that it Wconies frozen during conveyance than during stor- 
age. 'J'hese facts taken together render it more than probable 
tliat to the employnienl of frozen explosives may be atttributed 
the great majority of accidents. It will be seen that during 
the past ten years 337 accidents have occurred during the win- 
ter months — December to May — while during the remaining 
six months the nunilter was only 118." 

I l| a i 

RammmE or StemminK the Charge 

Boring IntoUneiploded Chanrea 

Stxiking Unexploded Chancei in Re- 
' movinn DebriB 

Tnul of AbovB Causea 

Toul Number in Put Ten Years 
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"I'hese figures are such as to afiford some reason for think- 
ing- that the efforts which have l^een made to induce users of 
this class of explosives to make a regular habit of using a 
wanning pan during the winter and spring months are begin- ^ 
ning to l)e effectual. We have been encouraging magazine 
owners to adopt some method of heating their magazines and 
already some ha^e been so fitted. The best method seems to 
be the use of hot water circulating i>ipes heated by a slow com- 
bustion stove at some little distance from the magazine adapted 
for burning coke, anthracite or coaHte. It would appear to 
l)e a fact that explosives which have never been allowed to 
become hard by solidification of the nitroglycerine do not show 
so much tendency to freeze as those which have been frozen 
once and subsequently thawed. Even so, however, any meas- 
ure of warming magazines can only be regarded as a palliative 
for the evil, the true remedy for which is the regular and prop- 
er use of warming pans by the users. 

Every year there are a few accidents due to loading holes 
too soon after springing. Some of these are due to pouring 
black powder in on smouldering pieces of fuse. Sprung holes 
should always be blown out when ix>ssible. Also it is a sim- 
ple matter to let a tamping stick or scraper stand in a sprung 
hole for a few minutes to see if the end gets warm. 

The improper making of primers claims a few victims ev- 
ery year. One -nan in England was badly injured by trying 
to waterproof a blasting cap with candle grease. While mak- 
ing primei-s the wearing of open lights in a man's hat should 
be absolutely prohibited as a spark or drop of hot candle 
grease falling on the detonator under these conditions rarely 
fails to cause a serious accident. 

In the United States there is always a large number of 
accidents caused by people, children in particular, playing with 
explosives and detonators. Those connected with explosives 
proper occur mostly in connection with the celebration of the 
'*Gl.>rious Fourth." 

The number of accidents due to playing with blasting 
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(•;i|)s ill tlic I'liitiMl Stales is enoniums (71 during 1910), when 
ri»iii)>art'<l with other countries. The usual course pursued by 
a (liiM njx.n fiiuhn^ a blasting cap is to tr}' and extract the 
(« ntnits with a pin < r nail, to make a pencil tip, hold a lighted 
iiiatdi to it or pHind it with a rock or hammer to see what 
uill happen, in doing these no chances are taken, the result 
JH'ing a *'snre thing." the only variation l)eing in the num- 
Ut of lingers lost. While these accidents are rarely fatal in 
JMigland, the snp.M'ior ingenuity of the American boy in devis- 
ing ainiiMMnents with blasting cai)s resulted in 10 deaths dur- 
ing \hc year n/x;. In 1910 only one was killed in this man- 
ner, I'ractically all of these accidents are due to criminal 
negligence on the part of i)eople who leave blasting caps where 
children can find them. 

Three accidents may l)e mentioned here, one showing the 
nnrcliability of newspai>er accounts, and the other two the 
dan;^^er of employing exi)losives for other thari^their legitimate 
pnr|H)sc. It was reported that a man held in his hand a stick 
of .jynaniitc with a hlasting cap and fuse. While attempting 
to i'lscrl the fuse in the cap, tlie caj) exploded setting off the 
dynamite in his hand which in turn set off some dynamite 
stored in a shanty near where he was standing. The shanty 
was wrecked and the man kncxrked down but was not injured. 
This was said to have occurred at Waupaca, Wis., on June 
i.Slh, \<)(>S' ^^^^ ^<^y ^oth, 1906, some Italians were playing 
cards near Trenton, N. J. One of them placed a stick of 
dynamite under one leg of the table to steady it. Later an 
Italian siiowed his great delight at holding a winning hand by 
hammering on the tahle with his fist. When the smoke had 
cleared away the enthusiast was discovered to be "shy" an arm, 
his companions bruised to a greater or less extent. The fol- 
lowing is re])ortc.l from Lusted, Oregon, April 5th, 1905: A 
man in order to kill his dog tied him to a tree, fastened a 
cartridge of dynamite to him, lighted the fuse and ran. Not 
wisiiing to spoil good rope or chain the dog was tied with an 
old piece of rope, so that when the man ran the dog broke loose 
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and followed him. The man fled to his house and frantically 
threw boots, flat irons, stove lids and various household uten- 
sils at the dog to drive him aw^ay. The dog to avoid this storm 
retreated beneath the house where the dynamite exploded 
doing considerable damage to the house. 

CONCLUSIONS. 

In regard to the prevention of accidents with explosives, 
the nrst rule to be observed is to keep explosives and detonators 
apart until necessary to use them. In regard to preventing 
accidents in storage, it is best to have separate magazines for 
explosives and blasting supplies. The ground around a mag- 
azine sliould be carefully cleared to prevent any brush fires 
from communicating with it. The walls and roof should be 
constructed of uninflammable materials. Where large quan- 
tities of explosives are stored it is a very simple matter to 
make magazines bullet pr(X)f l^y having double walls with not 
less than an 8-inch space Ijetween them, this space to be filled 
with coarse sand or gravel. Coarse sand is more effective 
than fine, also angular grains are better than round. No per* 
son should be peniiitted to enter a magazine carrying matches 
or while smoking. Inflammable materials such as oils, etc., 
should never be stored with explosives. 

Nothing can be more effective for the prevention of acci- 
dents in transportation than a close regard for the rules laid 
down by the ^'Bureau for the Safe Transportation of Explo- 
sives." These can be procured from any railroad. 

To prevent accidents in the thawing of dynamite always 
keep the cartridges lying on their sides at temperatures not to 
exceed 80 to 90 degrees Fahrenheit, the lower temperature 
being best. Never thaw explosives on shelves or racks direct- 
ly over the source of heat. Never thaw dynamite on heated 
stoves, rocks, bricks or metal, nor in an oven,* and never thaw 
dynamite in front of, near or over a steam boiler or fire of any 
kind. Don't place a hot water thawing can over a fire and 
never put dynamite in hot water or allow it to come in con- 
tact with steamt 
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ACCIDKNTS WITH EXPLOSIVES 



To prevent accidents in the use of explosives, retiuires the 
exercise of plain common sense. The practice of miners wear- 
\n^ lights in their hats or smoking while making primers and 
preparing chaTrges cannot l)e condemned too strongly. It is 
nothing ])ut criminal negligence. Any attempt to use frozen 
dynamite should \ye prohibited and the drilling out and tam- 
pering with misfires is extremely dangerous. Most miners 
do not realize that very few men have a chance to refonn 
after their first accident with explosives. Where a charge ap- 
I>arently misses no return should l)e made to the place within 
an liour. As in cases of this kind it is necessary to draw an 
arbitrary line, the writer means not less than sixty minutes. 
In loading charges nothing but wcxxlen tamping rods should 
be used. When drilling new holes near unexplpded charges 
the greatest care should l)e taken to point the new hole in 
direction that will prevent any ix)ssibility of the bit striking 
the explosive in tlie missed hole. IHasting caj)s should never 
Ije left where children can find them. In short, if users of ex- 
plosives will only realiz.e what they are doing, accidents would 
be reduced alxmt ninety i>er cent. 

The following tables give statistics of accidents in general 
and in particular the use of explosives in the United States 
and Great Britain. They also show the accidents occurring 
with the different kinds of explosives. A study of these tables 
will show not only what kind of explosives are the most liable 
to !)e in accidents but what operations can be considered the 
most dangerous: 



TABLE I. 



♦Showing all accidents with explosives in the United States for 1910 grouped un- 
der the several heads of Storage, Transportation, Use and Miscellaneous Use. 



Summary 



Accidents causing loss of 
life and bodily Injury 



No. of 
Accidents 



Storage 

Transportation 

Use 

Miscellaneous Use 



TOTALS 



25 

2 

379 

173 



5^9 



No. Persons 



Killed Inj'r'd 



62 

1 

339 

13 



94 

4 

SOS 

206 



415 



814 



Accidents not 

causing loss 

of life and 

bodily injury 



25 

5 

42 

7 



79 



Total No. 
of Ac- 
cidents 



50 

7 

421 

18U 



658 



!«-    -J-.l.  _   " ^i-t — - ' . 



* Pu Pont annual report for 1910 
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TABLE II. 

*Showing all accidents in the Keeping, Conveyance, Use and Miscellaneous in the 
United Kingdom during the year 1910. 





Accidents causing loss of 
life and bodily injury 


Accidents not 

causing loss 

of life and 

bodily injury 


1 
Total No. 


Summary 


No. of 
Accidents 


No. Persons 


of Ac- 
cidents 




Killed 


Inj'r'd 




KeeDinsT 


9 
373' 


a 

57 


11 

400 


2 

• • 

1 


11 


Convieyance 

Use and M iscellaneous 


« •  • 

374 


TOTALS 


382 60 


417 


3 


385 



♦Report of His Majesty's Inspectors of Explosives for 1910. 

TABLE III. 

•Showing total number and nature of accidents shown in Table I, caused by each 
destription of explosives in «the United States as compiled from newspaper clip- 
pings for 1910. 



Summary 



Dynamite 

Fuse 

Ammunition 

Black Powder 

Fireworks . 

Gunpowder ... 

Smokeless Powder 

Ouncotton 

Nitroi?lycerine 

BlastingCaps 

Railroad Torpedoes 

Dynamite and Black Powder, 

Flashlight Powder 

♦♦Unspecified 



TOTALS 



Accidents causing loss of 
life and bodily injury 



No. of 
Accidents 



No. Persons 



Killed 



266 


251 








31 


9 


8.J 


55 


8 


1 


20 


5 


4 


20 








10 


10 


97 


2 


12 





1 





4 


1 


41 


66 



579 



420 



Injr'd 

345 



29 

135 

9 

22 

10 



6 

• 140 

16 

1 

25 

76 

814 



Accidents not 

causing loss 

of life and 

bodily injury 



35 

2 
6 

12 
2 


7 
2 

3 


10 



79 



Total No. 
of Ac- 
cidents 



301 



33 

91 

20 

22 

4 



17 

99 

J2 

4 

4 

51 



658 



•Du Pont annual report for 1910. 

••This large number is due to incomplete details given in the newspapers. 

TABLE IV. 

•Showing total number and nature of accidents caused by each description of 
explosives in the United Kingdom during the year 1910. 



Summary 



Black Powder Class 

Dynamite 

Chlorate Mixture 

Fulminate 

Ammunition and Miscellaneous 

Fuse 

Detonators 

Fireworks 

Unknown 



TOTALS 



Accidents causing loss of 
life and bodily injury 



No. of 


No. Pe 


Occidents 


Killed 


162 


15 


174 


38 


16 


4 


5 


1 


8 


2 


2 





33 





5 


5 


2 


1 


407 


66 



Inj'r'd 

176 

166 

15 

5 

7 

2 

40 

10 

1 

422 



Accidents not 

causing loss 

of life and 

bodily injj^ry 



12 
20 
2 
1 



1 
1 



43 



Total No, 
of Ac- 
cidents; 



174 

194 

18 

6 

8 

2 

39 
6 
3 



450 



*Beport of His Majesty's Inspectors of Explosives for the year 1910 Revised to 
Amerlpan Standards. 
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ACCIDENTS WITH EXPLOSIVES 



TABLE V. 

••Showing tbe total number and nature of accidents in the Transportation of 
the different kinds of Explosives in the United States during the year 1910. 



Summary 



Dynamite 

Dynamite and Black Powder. 

Fireworks 

Black Powder 

Smokeless Powder 

TOTALS 



Accidents causing loss of 
life and bodily injury 


No. of 


No. Persons 


Accidents 


Killed 


InJ'r'd 





1 

1 




Q 

1 








4 


2 


1 


4 



Accidents not 

causing loss 

of life and 

bodily injury 



2 
1 
1 
1 





Total No. 
of Ac- 
cidents 



2 
1 
2 
1 
1 



•Du Pont annual reports for 1910. 

••There were no accidents reported in the "Conveyance" of Explosives in the 
United Kingdom during the year 1910. 



TABLE VI. 

•Showing the total number and nature of accidents in the Use of the different 
Explosives in the United States during the year 1910. 



Summary 



Dvnamite 

Black Powder 

♦♦Unspecified 

Gunpowder 

Blasting Caps 

Nitroglycerine 

Smokeless Powder. 
Flashlight Powder. 

Fireworks 

Ammunition 

Railroad Torpedoes 

TOTALS 



Accidents causing loss of 


life and bodily injury 


No. of 
Accidents 


No. Persons 


Killed 


Inj'r'd 


217 


210 


239 


71 


36 


114 


94 


57 


52 


10 


2 


9 


21 


1 


48 


6 


5 


5 


3 


20 


6 


8 


1 


24 


8 


2 


6 


9 


7 


6 


1 





1 


SS3 


341 


510 



Accidents not 

causing loss 

of life and 

bodily injury 



22 
2 
5 

1 
3 
U 

3 





36 



Total No. 
of Ac- 
cidents 



239 

39 

10 

22 

9 

3 

3 

11 

9 

1 



419 



•Du Pont annual report for 1910. 

••This large number is due to Incomplete details given in the newspaper^. 
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TABLE Vn.^ 
*Showinfir detail of accidents classified in Table VI. 





Accidents Causing: Loss of 
Life and bodily Injury 


Accidents Not 

Causing: Loss 

of Life and 

Bodily Injury 


Total No. 


Summary 


Number of 
Accidents 


No. of ] 


Persons 


of 




Killed 


Injured 


Accidents 


Dynamite— 
Thawins: 


24 

106 

5 

29 

8 
6 
31 
1 
4 
1 
1 
1 

26 
24 
14 

2 

2 

1 

1 

I 

8 

18 . 
6 
2 

2 

8 

14 
2 
1 
2 
2 

2 

1 
3 

2 

1 

1 
2 

5 

1 
2 

5 
3 

1 

1 


31 
114 
3 
9 
7 
2 

30 
5 
3 
3 
1 
2 

14 
9 
7 
2 
4 




3 
13 
41 




2 

1 





1 

1 

3 

8 
12 

1 


2 



2 
5 





« 

22 
106 

4 
38 
15 

7 

20 
10 

3 
12 



2 

50 
41 
14 

1 
1 
4 
1 
2 

8 

32 

5 

7 

2 

7 

36 
2 
1 
2 

7 

1 

4 

1 
5 

21 
3 

3 
1 
2 

3 
2 
1 

1 


4 
4 



12 


2 






2 






• 

5 







1 






3 









2 

1 








28 


Premature and Delayed Explosions 
Tampingr and Loading: 


110 
5 


Striking: Overlooked Chargres 

Drilling: out Unexploded Chars:es . 
Overcharcres 


29 

8 
18 


No Details 


31 


Hit by Rock 


1 


Sparks, Flames, etc 


6 


Fumes 


1 


Careless Handling: 


1 


Ligrhtning: 


1 


Black Powder— 
Sparks, Flames, etc 


26 


Premature and Delayed Explosions 
No Details 


24 
16 


Opening Keg: with Pick 


2 


Striking: Overlooked Charges 

(Contact with Mine Trolley Wire. . . 
Drilling: Out Unexploded Charges. 
Overcharg:es 


2 

1 
1 
1 


Unspecified Explosives— 
Overcharg:es 


13 


Premature and Delayed Explosions 
No Details 


18 
6 


Sparks. Flames, etc 

Gunpowder— 

Sparks, Flames, etc 

No Details 


2 

2 

8 


Blasting Caps- 
No Details 


15 


Premature and Delayed Explosions 

Run Over by Wagron 

Striking: Overlooked Charg:es 

Sparks. Flames, etc 


2 
1 
2 
2 


Nitroglycerine— 

Striking: Overlooked Charg:es 

No Details 


2 

4 


Premature and Delayed Explosions 

Smokeless Powder- 
No Details 


3 
2 


Premature and Delayed Explosions 

Flashlight Powder- 
No Details 


1 

1 


Premature and Delayed Explosions 

Fireworks- 
No Details 


2 
5 


Sparks, Flames, ete 


3 


Premature and Delayed Explosions 

Ammunition— 
No-Details 


3 
5 


Premature and Delayed Explosions 
Burst Guns 


3 
1 


Railroad Torpedoes— 
Run Over by Mine Car 


1 






TOTALS 


383 


341, 


510 


36 


419 





*Du Pont Annual Report for 1910. 
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ACCIDENTS WITH EXPLOSIVES 



. TABLE Vin. 

*Showin8r total number and nature of accidents occurrinfir in the Miscellaneous Use of dif- 
ferent explosives in the United States for the year 1910. 



Summary 



Dynamite 

Gunpowder 

Blastinsr Caps 

Ammunition 

Black Powder 

Unspecified 

Railroad Torpedoes 

Flashlifirht Powder 

Nitroerlycerine 

Fireworks. . . . ; 

TOTALS 



Accidents Causinsr Loss of 
Life and Bodily Injury 



Number 


of 

ts 


No. of I 


Accidem 


Killed 


36 




5 


9 




3 


76 




1 


22 




2 


11 




1 


4 




1 


11 







1 







1 







2 







173 




13 



Injured 



45 

9 

92 

23 

15 

4 

15 

1 

1 

3 



208 



Accidents Not 
Causing: Loss 

of Life or 
Bodily Injury 



2 

1 
1 

3 







Total No. 

of 
Accidents 



38 

9 

77 

23 

11 

7 

11 

1 

1 

2 



180 



*Du Pont Annual Report for 1910. 



TABLE IX. 
*Showinfir the Details of the Accidents Classified in Table VIII. 



Summary 



Dynamite— 

Thrown into fire 

Left in coal 

Playing: with 

Shooting: at 

Gunpowder— 

Playing: with 

Thrown into fire , 

Blasting Caps— 

Playing: with 

Thrown into fire 

No details 

Ammunition— 

Playing: with 

Thrown into fire 

Black Powder- 

Cleaning:t>ut chimneys .. 

Playing: with 

Thrown into fire 

Unspecified Explosives— 

Playing: with 

No details 

Burst g:uns 

Railroad Torpedoes— 

Playing: with 

Run over by car 

Flashlight Powder— 

Thrown into fire 

Nitroglycerine— 

Thrown into fire 

Fireworks— 

Thrown into fire 

No details 

TOTALS 



Accidents Causing: Loss of 
Life and Bodily Injury. 



Number of 
Accidents 



11 


24 
1 

7 
2 

70 
5 
1 

13 
9 

1 
7 
3 

3 

1 

10 
1 

1 

1 

1 
1 



173 



No. of Persons 



Killed Injured 



3 

2 


2 
1 

1 



2 



1 


1 








JO 






13 



17 


27 
1 

7 
. 2 

86 
5 
1 

11 
12 

1 

11 

3 

3 


1 

14 
1 

1 

1 

1 
2 



208 



Accidents Not 

Causing: Loss 

of Life and 

Bodily Injury 



1 
1 






1 




1 





1 

2 














Total No. 

of 
Accidents 



12 
1 

24 
1 

7 
2 

71 
5 
1 

13 
10 

1 
7 
3 

4 
2 
1 

10 
1 

1 

1 

1 
1 



180 



*Du Pont Annual Report for 1910. 
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TABLE X. 

*Showinfir the total number and nature of accidents in the Use of different explosives 
and under Miscellaneous Circumstances in the United Kingrdom durinsT the year 1910. 



Summary 



Black Powder Class 

Dynamite 

Chlorate Mixture. . . 

Fulminate 

Ammunition 

Fuse .' 

Detonators 

Fireworks 

Unknown 

TOTALS 



Accidents Causing: Loss of 


Life and Bodily Injury 


Number of 


No. of Persons 


Accidents 


KiUed 


Injured 


155 


13 


167 


165 


83 


177 


15 


3 


14 


1 


•  


1 


2 


• • 


2 


2 


• • 


2 


29 


• • 


35 


2 


4 


7 


2 


1 


1 


373 


57 


406^ 



Accidents Not 

Causing: Loss 

of Life and 

Bodily Injury 



Total No. 
of Acci- 
dents 



155 

165 

15 

1 

2 

2 

30 

2 

2 



374 



•Report of His Majesty's Inspectors of Explosives for the year 1910, Revised to American 
Standards. 



TABLE XL 

•Showing: details uf accidents in the Use of Explosives and under Miscellaneous Circum- 
stancte in the United Kinfi:dom during: the year 1910. (Details of Accidents shown in 
Table X.) 



Summary 



Black Powder Class— 
Prematures and failing to gret 

away on time 

Firing: by electricity when persons 

are at shot hole 

Not taking proper cover 

Projected debris 

Hang: fires and returning: too soon 

to shot hole 

Tampering: with missed shots 

Losidingr and tamping: the charge. 

Sparks, flame, etc 

Boring: into unexploded charges. . . 
Striking: unexploded charges in re- 
moving debris 

Preparing charges 

Lighting fuse before inserting 

charge 

Loading too soon after springing 

hole 

Various 

Dynamite 
Premature and failing to get away 

on time 

Firing by electricity when persons 

are at the shot hole 

Not taking proper cover 

Projected debris 

Hang fires and returning too soon 

to shot hole 

Tampering with missed shots 

Tamping and loading the charge. . 
Sparks, flame, etc 



Accidents Causing Loss of 
Life and Bodily Injury 



Number of 


No. of Persons 


Accidents 


Killed 


Injured 


18 


1 


18 


8 

22 

7 


*4 

• • 


3 
20 

7 


16 

5 

15 

57 

2 


1 

• • 

2 

• • 

• • 


16 

5 

17 

t>2 

2 


• • 

1 


 • 


1 


1 


• • 


1 


7 

• • 


4 

• • 


5 

• • 


8 


3 


7 


7 

39 
21 


1 
5 

•  


6 
37 
21 


23 

8 

19 

• • 


4 
2 

5 

 • 


24 

8 

16 

• • 



Accidents Not 

Causing Loss 

of Life and 

Bodily Injury 



Total No. 

of 
Accidents 



18 

3 

22 

7 

5 

r> 

57 

2 



1 
1 

7 

8 

7 
39 
21 

2:\ 

8 

19 



209 



ACCIDENTS WITH EXPLOSIVES 



TABLE XL (Continued) 



Summary 



Accidents Causins: Loss of 
Life and Bodily Injury 



Number of 
Accidents 



No. of Persons 



Killed 



Injured 



BorinfiT into unexploded chargres. . . 
Striking: unexploded chargres in re- 
moving: debris 

Preparing: charg:es 

Lig:hting: fuse before inserting: 

charg:e 

Loading: too soon after spring:ing: . 

Various 

Chlorate Mixtures 
Prematures and failing: to g:et 

away on time '. 

Projected debris 

Hang: fire and returning: too soon 

to shot hole 

Tampering: with missed shots 

Boring: into unexploded chargres . . . 
Loading: too soon after springing: . 

Loading: and tamping: 

Dynamite and Black Powder 
Premature and failing: to g:et 

away in time 

Tampering: with missed shots 

Chlorate Mixtures and 

Black Powder 

Prematures and failing: to g:et 

away in time 

Tampering: with missed shots 

Detonators 
Hang: fires and returning: too soon . 

Sparks, flame, etc 

Striking: unexploded charg:es in 

debris 

Preparing: charg:es 

Various 

Fuse 

Various 

Miscellaneous 

Playing: with detonators 

Plajring: with other explosives 

Destroying: explosives 

Explosives in coal 

Illeg:al Manufacture 

Thawing: 

Fireworks display 

Firing: a maroon 

Shell 



TOTALS. 



20 

9 
2 



3 



6 

1 
1 
) 
1 
2 



1 
1 



1 
1 

1 
1 

4 
5 
4 

1 

13 
4 
2 
5 
1 
2 
1 
1 
1 



6 
6 



1 
1 



373 



1 
1 

"4 
3 
I 



23 

15 
3 



3 



6 

1 
I 
1 

3 



1 

2 



57 



1 
1 

4 
5 
4 

1 

19 
4 
8 
3 
3 

10 
7 



406 



Accidents Not 

Causing: Loss 

of Life and 

Bodily Injury 



Total No. 

of 
Accidents 



• • • • 

• • • • 



•  •  



20 

15 
2 



3 



• •  • 



1 
1 
1 
1 
2 



1 
1 



.1 
1 

1 
2 

4 
5 
4 

1 

13 
4 
2 
5 
1 
2 
1 
1 
1 



374 



•Compiled from the "Report of His Majesty's Inspectors of Elxplosives for 1910," • 

NOTES ON TABLE XL 

Details of Accidents in the Use of Explosives in the United Kingdom 

in the Year 1910. 

9 premature shots with black powder were fired by means of squibs. 

2 hang fire shots with black powder were fired by means of squibs. 

2 accidents were caused by twisting a copper needle in a hole loaded 

with black powder in preparing it to be shot by means of squibs. 

2 accidents were caused by using a steel drill to remove obstruc- 
tions from holes being loaded with black powder. 

3 accidents were caused by tamping charges of black powder with 
steel rods. 



LAKE SUPERIOR MINING INSTITUTE 210 

4 accidents were caused by tamping charges of black powder with 
copper or bronze rods. In 1909 there were 7 accidents with cop- 
per tamping rods. 

3 accidents were caused by tamping dynamite with copper rods 
and 1 with an iron rod. In 1909 there were 6 accidents with <;op- 
per and 1 with steel tamping rod. 

8 accidents were caused loading and tamping frozen nitroglycerine 

explosives. 
90 per cent of the accidents from sparks and flames in the presence 
of black powder were due either to the miners wearing open lights 
in close proximity or men smoking. 

2 accidents caused by men trying to force a nail into a frozen dy- 
namite cartridge in making primers. 

1 accident was caused by the violent handling of a cartridge of 
frozen dynamite. 

TABLE XII. 

♦Showing average annual number of accidents in the use of 
explosives in the United Kingdom from each cause for the five years 
ending with 1910: 

Premature and failing to get away from shot hole 25 

Firing by electricity when persons are at the shot hole 11 

Not taking proper cover 28 

Projected debris (two years) 32 

Hang fires and returning too soon to shot hole 40 

Tampering with missed shots 22 

Tamping and loading the charge 45 

Sparks, Flame, etc 72 

Boring into unexploded charges '. 12 

Striking unexploded charges in removing debris 23 

Preparing charges 5 ' 

Lighting fuse before inserting charge 1 

Fumes 1 

Loading too soon after springing the hole 11 

Various 4 

♦Report of His Majesty's Inspectors of Explosives for 1910. 
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THE RELATION OF THE MINING INDUSTRY TO 
THE PREVENTION OF FOREST FIRES. 

BY THOS. B. WYMAN^ MUNISING, MICH. 

It is a pleasure to again have an opportunity to appear be- 
fore the Lake Superior Mining Institute and an even greater 
pleasure to note that the prograni shows the names of men 
standing so high in the ranks of their professions that you are 
sure of receiving a wealth of valuable thought and suggestion 
even though my own contribution be of a simple nature. 

In the title of my so-called pai>er I have indicated that 
certain relationships exist between the mining interests and 
the prevention of forest fires. At first thought this relation- 
ship seems very remote if, indeed, it can be said to exist at all, 
and I may first have to offer evidence of kinship in order to 
warrant further procedure. 

The "Mining interests" are broad, so broad that they in- 
clude not only the corporate and private explorations, develop- 
ments and established mines, but the men engaged in daily 
work within the mines and for the mines. In the wonderful 
ramifications of the industry, the matter of supplies, of power, 
of transportation, of technical and legal education, etc., all 
have important places and each is linked to the others by 
threads which become stronger as the development of -the in- 
dustry becomes more intense. For our mines we must look 
to Mother Earth; for our supplies and power to the same 
source. Transportation can be had only at the expense of 
natural supplies, and for the many derivatives of human in- 
genuity, which advance the industry, direct tracings can be 
had to the things of nature. 

Il is, then, indisputable that mining is dependent upon the 

Secretary-Forester Northern Forest Protective Association. 
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earth and upon the natural earthy assets, and the forest is 
the greatest visible, natural asset known to the world. There 
are hundreds of thousands of uses to which the forest has 
been advantageously put and one of the most important has 
been the development of your industry. It is recognized that 
the mining interests depend to a large degree upon the for- 
ests and, this being so, the safety and continuance of forest as- 
sets is of the greatest import. Granted safety and perpetuation 
the forest will supply to thousands of industries the necessities 
of progress. Remove safety and allow destruction to timber- 
lands and dependent industries will be demoralized and die. 
Danger to the forest does not lie in harvesting wood fibre 
either for the mill or the mine. Danger does not lie in the 
failure of seed crops and resultant young growth. Danger 
does not lie in the fact that it takes years to develop a market- 
able crop of timlx-r. The real danger to forests — seeds, seed- 
lings, saplings, |X)lewoo<ls and standards of softwoods, and 
hardwoods alike — is from fire. 

The statement has been made many times that fire de- 
stroys more timber annually than is cut by the lumberman. 
So, when it is considered that \x\>o\\ the basis of an annual cut of 
fifty billion feet at an estimated average stumpage of $3.00 
per thousand, the value exceeding $150,000,000 i>er year, the 
loss to the nation is very apparent. This general loss is felt 
directly by eveiy timber using industry, not immediately, un- 
less the fire destroys forests from which supplies are being re- 
ceived, but by doubling the annual harvest the length of time 
which the present supply will last is halved. Again, evei'y 
fire prepares the way for succeeding fires by partially consum- 
ing the material and leaving the balance in a highly inflam- 
mable condition. Young growth, coming in from natural 
seedmg among this blackened and burnable materials, is ex- 
posed to a serious risk for many years and will, in all pro'l> 

« 

abiliiy, be lost before reaching marketable size. 

Seed trees, injured by burning, are unable to bear heavy 
seed* crops and those few seeds which are borne, scattered and 
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germinate may be lost. Had it not been for fires we would 
not have an acre of barren plain land, for our yearly opera- 
tions have not been of such magnitude but that natural seeding 
would have taken place and covered the soil with species of 
value to you in your industry. Stull timber and lagging would 
be abundant and obtainable at minimum cost ; mine poles and 
ties would command a price consistent with the available sup- 
ply. All could be obtained from territory logged off years 
ago, where the so-called '^logging chance'' was of the best and 
the logging cost extremely low. There is no delight in op- 
erating a bottomless swamp for tamarack, spruce and cedar, 
building corduroy roads or breaking down the snow into the 
mud so it will freeze and give bottom for the winter haul. 
There is delight in op^erating level lands, where roads can be 
rightly and easily planned and constructed, where the haul can 
be made by sleigh or by railroad, and where immediate re- 
possession of the area can be had by seeding pines and hard- 
woods. 

To you, who own lands suited to the growth of timber, 

but which are not of agricultural value, this immediate repos- 
session of surface is important for each year's growth is a 
year nearer the harvest, a year of taxation saved, and a year 
in which investment in soil value is a producing investment 
instead of a losing venture. Can you think of a more simple 
way of turning a non-producing investment into a thing of 
ultimate worth, than by protecting against fire at a cost too 
immaterial to be seriously considered as a hindrance? Can you 
conceive of any department of your mine running on, year 
after year, losing money, tying up capital, when by spending 
from one-fifth to one-half of one per cent you could turn it 
to ^ department of conceded value? Most of you have a de- 
partment of the nature mentioned. I do not say it critically, 
but simply because you have likely considered that the well 
has already been drained, when in reality, there is a spring 
from the solid rock of nature which will refill it in due tirrte 

if pennitted to do so. 

Forest protection, of which fire prevention is ninety-nine 
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per cent, costs from one and one-half cent to three cents per acre 
depending upon conditions ; two cents is considered a reason- 
able average cost and when spent judiciously the protection 
should be very efficient. Efficient protection can be had only 
through cooi)eration, education and organization. Cooperation 
should consist in mutual help, in a mutual understanding of 
forestal policies, in mutual efforts toward needed legislation. 
Educational activities should ]ye extended in every direction; 
every medium used, every individual approached to the end 
that the great menace may be fully understood and, by person- 
al appreciation, combated. Organization necessitates a band- 
ing together of all who own timber, to put into the field active 
preventive forces. 

It was my privilege. to appear before this body on a previ- 
ous occasion, some few years ago, and at that time I advo- 
cated the foniiation of a protective association designed to give 
the protection which should l>e furnished through taxation. 
*At this time I am glad to say that just such an organization 
is actively patrolling the timber lands of the Upper Peninsula 
— many of you are members. Its work is being recognized 
and its efforts are meeting with success. 

The Northern Forest Protective association has today, a 
listed area of 2,000,000 acres, and is patrolling over five mil- 
lion acres. It has eighteen ^re wardens in the field posting no^- 
ticej, influencing settlers, woodsmen, hunters, fishermen, sec- 
tion crews, campers and berry pickers. It is cooperating with 
the State and National Governmental Forest Departments. It 
haslsecured concessions from the United States Postoffice De- 
partment and is now putting up appropriate notices in the three 
thousand postoffioes of the states of Michigan and Wisconsin . 
The serious fires of the Lower Peninsula have proven the ab- 
solute need of organized effort and I trust that the timber 
holders of that section will either become members of our 
association or organize a similar one of their own. 

*Ref. Paper by Mr. Wyman, "How Reforestation May Be Applied 
to tho Mine Timber Industry," Vol. XIV, 1909, pp. 116430. 
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W'e have lK*en fortunate this season in having* frequent 
rains which have given us favorable conch'tioiis under which 
to perfect our orq^-anization and our fire risk has been lessened 
by them. But with the same conditions existing as were 
prevalent at Oscoda and Au Sable, I believe that fires could 
not gain the headway here which caused such great destruc- 
tion ]}ecause, with the appreciation of the possible results which 
is now held by our people, it is Safe to presume that some- 
one, probal)ly many, would assume the duty of preventing loss 
to others by early attack and control. If my surmise is cor- 
rect you, who own surface improvements and timber, can begin 
to rest in i)eace for history has proven that destructive fires 
are the outcome of small fires, unheeded until the proper con- 
ditions of drought and wind have fanned them into a furnace. 
When every resident of and visitor to our Upper Peninsula 
w^ill make it his business to quench any fire he may see there 
w^ill l)e little to fear. 

You may ])e interested to learn somewhat of the propor- 
tionate origin of forest fires and I desire to give you the fig- 
ures in order that your influence may be directed towards the 
sou-xe of greatest danger. A number of state and association 
reix)rts were consulted in arriving at this average and the fig- 
ures are somewhat suq>rising. Settlers, clearing land, burning 
brush, etc., cause 45 per cent of all fires. You can surely in- 
fluence the settlers of your community to greater care. Sparks 
and live coals from locomotive stacks are charged wuth 28 
l>er cent, a very high proportion wdien one considers that the 
state law provides that efficient spark arresters must be used. 
CamjDers, fishermen, and hunters have 7 per cent marked 
against them and the causes of 25 per cent of fires are un- 
known. Of this latter percentage let us make a guess. By 
a course of elimination we can say with reasonable accuracy 
that none of the unknown causes are the settlers' fires, for 
evidence of such always exists. In the same way nearly every 
fire originating from railroads can be properly placed and the 
percentage of unknown origin still remains at 25. Let us say, 
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to be liberal that 5 i)er cent are traceable to lightning, an un- 
warranted assumption, and that of the 20 per cent remaining 
10 per cent are from miscellaneous causes — where will we 
place the other 10 per cent? Our experience gives us the right 
to say that the smoker can stand 10 per cent and be let off 
rightly. Ten per cent of all forest fires traceable to the man 
with the pipe, cigar and cigarette, and, of course, the match. 

Let me ask how many smokers, of your own- number, if 
you will, ever make it a point to see that your match is out 
before throwing it aside? I am not trying to fasten btame 
to any individual but I am fastening the blame for 10 per cent 
of our fires to a habit, which can be and needs be overcome. 
Summing up, we have charged but 5 per cent of the whole to 
uncontrollable causes ; there remains 95 i>er cent chargeable to 
controllable causes, which, since they were not controlled, must 
be the result of carelessness. 

It was carelessness, due to familiarity with small fires, 
that resulted in tlie loss of over four hundred lives and de- 
stroyed eleven equipi>ed mines in the Porcupine region of On- 
tario. Woodsmen and miners, familiar with possible results, 
allowed many small fires to burn without hindrance until, 
fanned l)y terrific winds, they were united into one vast fur- 
nace which swept all before it. Miners employed by mining 
corporations allowed these fires to destroy the property of 
their employers without making an effort toward protection, 
until too late. Does this not indicate a distinct need of com- 
plete understanding l)etween employer and employee? Is it 
not a relationship l)etween your interests and the prevention 
of a menace which threatens them? You encourage your em- 
ployes to take a few days off, hunting or fishing. They go 
to your lands, into your timber, through your fields. Are 
they thoughtful of your interests? Do they put their camp 
fires cut? Do they dump the heel of that pipe of Peerless 
in a safe place, or wherever the thought strikes them? Do 
they refrain from smoking when in dangerous localities? I 
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ask yi)U tliese (luestions localise as their employers, you should 
kno-.v. 

Your woodsmen, cniisers, exploring i>arties, compassmen 
and others who visit vour timl)erlands, have occasion to ob- 
serve and rei>ort, or l)etter t(^ put out incipient fires. Are your 
files teeming with such rei)orts? I trust that they are and that 
action has Ix^en iwift. 

As conditions are, relationships exist l:)etween employer and 
emj)loye, l)etween lawyer and client, between retailer and cus- 
tomer, among families, among secret orders, among commun- 
ity dwellers^. So long as our conditions remain dormant you 
must recognize this relationship, this dependence upon those 
who serve you aiivl are lx>und to you. But the thing for which 
we must all stand — all strive with constant zeal is a relation- 
rhip characterized by the desire of every man to safeguard 
every other man and every other man's proi)erty. 
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BLOCK CAVING AND SUB STOPE SYSTEM AT THE 
TOBIN MINE, CRYSTAL FALLS, MICH. 

BY FRED C. ROBERTS, CRYSTAL FALLS, MICH. 

The systems of mining used at the Tobin Mine were ar- 
rived at after trial of several methods, each of which proved 
more or less unsuitable to the peculiar nature of the ground 
to be mined. 

Underhand stoping was tried, but soon discontinued on 
account of the continual falling of ground from the back of 
the stope. Back-stoping was next tried, but the danger from 
falling ground was still too great. Sub-stoping was the third 
method used, and in some parts of the mine proved satis- 
factory, and is still used to some extent where the ore body is 
too narrow or of too firm a nature to be mined by the block 
caving system. Block caving was the next method used, and 
proved so well adapted to the conditions and physical char- 
acteristics of the ore that it has been adopted as the prin- 
cipal means of mining. 

The levels at the Tobin are 125 feet from floor to floor, 
and the main haulage drift follows very closely the hanging 
wall. 

In the block to be mined by caving, parallel cross-cuts, 
24 feet from center to center, are driven from the main drift, 
as nearly at right angles as may be, to the foot-wall, and are 
connected at the foot-wall side by a^ small drift for ventilating 
purposes. Throughout the length of these cross-cuts, chute- 
raises are put up alternately on the right and left sides at in- 
tervals of 15 feet, to the sub-level 25 feet above. (Fig. i). 

The sub-level is opened 25 feet above the back of the 
main level. A drift is driven, parallel with and about 15 
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feet from the hanging wall, the entire length of the block 
to be mined. Cross-cuts ai'e driven to the foot-wall from this 
sub-level drift directly above the cross-cuts on the main level. 
Opposite each cross-cut on the sub-level a raise inclined about 
45 degrees is put up from the sub-drift to the hanging wall, 
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the object being to leave an additional thickness of back above 
the main haulage drift. The cross-cuts on the sub-level are 
connected every 15 feet by drifts over the line of chutes. 
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leaving small pillars of about lo ft.xi6 ft. It is sometimes 
necessary to cross-cut these small pillars again, depending 
upon the nature of the ground. A drift is also driven along 
the foot-wall connecting all the cross-cuts. (Fig. 2). 

After the pillars have been reduced to a suitable size, 
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they are drilted with a sufficient number of holes so that 
they may be all blasted at once. The pillars furthest from 
the man-way being drilled first. Holes are also drilled around 
the tops of the chute-raises and blasted, making the raises 
funnel-shaped at the top. At the ends of the block to be 
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caved, it is necessary to weaken Ihe groimcl so that it will 

cave square with the pillar. Raises are put up from the end 

cross-cuts at varying tnter\'als, (lei)encling on the nature of 

CR0&5 Section 

End of Block 



FIG. a 
the ground. These raises are connected by two cross-cuts 
25 and 50 feet respectively above the sub-level. (Fig- 3). 
After all the necessary raising, drifting, and cross-cutting 
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have been completed, the holes in the pillars of the sub-level 
are all blasted at once, undercutting the entire block, which 
settles down on the back of the level below. The ends of the 
block not being entirely cut off from the pillar, the ore does 
not drop down in one solid block, but breaks up in settling 
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and comes down in such shape that it can be handled through 
the funnel shaped chute-raises with only occasional blasting 
of masses that lodge in the chutes. The caved ore is drawn 
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unifomily throuf^hout the level, so that it will settle down 
evenly, and this keeps the caved rock from the old level above 
from ^eltinj^ mixed into the ore. For this method of handling 
tlie block-caving system, as far as known to us, we are the 
originators. ( Mg. 4 ) . 

Sul>stoi)ing is used where caving is not practical; at the 
narrow ends of the ore Ixxly, and in pockets and smaller 
dq>osits that are sometimes found separated from the main 
Ixxly. Conditions var}' so in these cases, that they have to 
l)e met in different ways. The nature of the ground and 
dimensions of the ore Ixidy have to l>e taken into considera- 
tion in each case, and the method of mining adapted to it. 

The usual method of working these places is to drive a 
drift on the main level the entire length of the ore body in 
question, and determine the width of the same by cross-cuts. 
Chute-raises are put up at intervals of about 15 feet. From 
a raise, at the end of the ore nearest the shaft, a sub-level is 
opened 15 feet above the main level. This sub-level con- 
sists of a drift the length of the ore and connected at the far 
end with a raise from the main level. Second, third, and fourth 
subs are opened in a similar manner above the first, twenty 
feet being the usual distance from the back of one sub-level to 
the floor of the next above. The raise at the far end of the 
ore is carried through to the upper sub. 

All preliminary development work being completed, stop- 
ing is begun at the far end of the ore on the lower suWevel. 
Upper and underhand holes are drilled and blasted around 
the raise which connects all the subs at the far end. The 
ore thus broken falls into the chute at the bottom of the raise. 
This is repeated until the lower sub is drawn back 12 or 15 
feet, (Fig. 5) when the miners on the second sub begin stoping 
in a similar manner to that done on the first sub. The second 
sub having been drawn back to a safe distance, the third 
sub stope is begun. In this way each gang of miners is al- 
ways working under solid ground and far enough back to es- 
cape falling ground from the stopes above. 



LAKE SUPERIOR MINING INSTITUTE 224 

The width of stope that can be carried this way depends 
upon the nature of the ground. In the Dunn and Great 
Western mines where the ground was exceptionally firm, 
with a strong capping aWve, sti^s were worked out 80 feet 



'.vide. The first stope was carried 30 feet wide through the 
middle of the ore, beginning at the far end and drawing 
back. Benches (Fig. 6) were then cut at each s«l»-Ievel the en- 
lire length of the ore pillar on each side of the stope. These 
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l)enches were cut into the pillar far enough to protect the 
men from falling. ground from the others working above. 
Beginning at the far end and drawing back, these benches 
were stoix^d out by ui>ix?r and underhand holes, the broken 
ore falling into the oi)en stojx^. The process was repeated to 
remove the remaining ore in the pillars. 

DISCUSSION. 

F. w si*i:uR — Mr. Rol)ertS' reference to the necessity of 
drawing off the ore unifomily, is a consideration of the high- 
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est importance in the block-caving method ; for, if ore should 
l>c drawn from one chute continuously without drawing any 
from the surrounding chutes, a vertical pipe of material with 
a diameter alx>ut equal to that of the 1x)ttom of the chute would 
move downward all the way from surface. If a large unbrok- 
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en block of ore obstructs the vertical passage, a hole will work 
itself out to one side, forming a new chute to continue its 
way upward to surface or to the bottom of another large piece, 
making a devious, narrow path for the material to pass 
through. The overburden of sand or other waste material 
will appear at the bottom before any ore comes in from the 
sides. The gathering in from the sides always begins at the 
top. But, if all the chutes are drawn evenly, the whole mass 
of ore will settle evenly, and the overburden will follow without 
mixing with the ore. 
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THR CORNWALL, PA., MAGNETITE DEPOSITS. 

BY E. B. WILSON, SCRANTON, PA. 

That there has been considerable speculation over the 
genesis of the Cornwall magnetite deposit in Lebanon County, 
Pa., is due to its structure, composition, and geological sur- 
roundings differing materially from the magnetite deposits of 
New Jersey and New York. 

Persifor Frazer, Jr.,* in Vol V. of the Transactions of 
the American Institute of Mining Engineers, says : *Tt is not 
quite certain how much of the magnetic [>articles with which 
these ores are mixed may have come from the trap itself. 

* * * It is likely that much is to be ascribed to this 
source ; but, however that may l^e, it cannot but be of the great- 
est significance that the two plates of trap which occur near 
these mines inclose or cover the greater number of producing 
deposits.'' 

The foot-wall of the Cornwall ore deposit is trap rock ap- 
proximating basalt, that forms a kind of basin in which the 
ore is found. The hanging wall or cover immediately above 
the ore to the south of Middle Hill mine is limestone, and 
through this there is a nearly vertical trap dike that places 
the age of the former as older than the latter. As the country 
rocks are sedimentary it is not difficult to understand that 
they would naturally be shattered and fissured by the intrusion 
of the trap rock, and that the mineral solutions which accom- 
panied the intrusion and continued for some time afterward 
would circulate through the fissures. It is presumed therefore 
that these deposits were formed by replacement and are not 
of magmatic origin as are the magnetite deposits of New Jer- 

* VoL V Trans. A. I. M. E., page 142. 
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sey and New York. This hypothesis is based on the fact that 
there is an almost horizontal bedding of the ore which indi- 
cates that stratification antedates the formation of the ore, in 
fact limestone is found alternating with thin streaks of ore 
that give the whole a banded and often a serpentinized ap- 
pearance. On Grassy Hill there is a limestone outcrop that 
is covered with decomposed buff-colored clay that resembles 
the clay covering of limonite deposits. Traditional reports 
state that considerable red hematite was mined from one part 
of this hill, while to the north and west, adjacent to the trap 
wall, the greenish black magnetic ore was mined. 

According to E. V. DTnvilliers, who, after a careful study 
and examination of the deposits wrote a monograph for the 
Second Geological Survey of Pennsylvania, "the original for- 
mation was made up probably of lime shales containing mag- 
nesia, silica, alumina, and iron pyrites. This probability is 
increased by the bedded and laminated stratification, and it is 
converted into a certainty by the fact that a considerable thick- 
ness of unchanged lime shale layers, passing upwards into sol- 
id beds of hard limestone, show themselves near the southern 
side of Middle Hill mine in the body of the ore mass. These 
unchanged lime shales at one place are seen resting upon the 
ore; at another place the limestone beds dip under the ore 
layers at the same angle and apparently change gradually into 
ore. 

Conditions so far as exploitation goes have changed some- 
what since Mr. D'Invilliers' inspection of Middle Hill. Ser- 
pentine and other magnesian silicates are found near the junc- 
tion of the limestone and particularly near the dike, which 
points rather conclusively to the alteration coming from solu- 
tions that- were capable of metamorphosing the limestone. 

It is possible that the Cornwall deposits, since they are not 
magnetite magmas like those of New Jersey and New York, 
may have been formed in one of two ways by the ascending 
thermal solutions : First, the deposits may have been hematite 
masses that were changed by the solutions into magnetic mass- 



22g TTIE COHNWAI.L, PA.. MAGNETITE DEPOSITS 

es. Second, the (lqn>sits may have lieen limestone, or such 
as lyiiivilliers (Iescril)cs, that were changed by solutions, in 
cither case it is assumed nn fjood {^rounds that they were 
finniied l>y ascending soUitions. 

Dana, in his System of Mineralogy, stated that: "Deville 
fomied crystals of magnetite artifically by the action of hydro- 
chloric acid on heated ferric oxide; and also by the decomposi- 
tion of ferric oxide with Ixiracic acid." 

Prof. Thomas A. Eggleston, in Vol. V, page 131, of the 
Transactions of the American Institute of Mining Engin- 
eers, says that "some of the hematite ores of Lake Superior 
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No. 1 Steam Holat to right; Kobeaonia Hoiat in center near trsekB; No. 2 

Holat arMl BubeUtion on hill: Ore bin and Stockpile In middle. 

cnnlain boracic acid," and he gave the following instnictions 
for its identification : 

"Pulverize, calcine and moisten the pulp with sulphuric 
acid. Heat some of the mass on a platinum wire to expel 
the sulphuric acid, then moisten with glycerine, and flame. 
If boracic acid is present it will infallibly give a green flame." 
Thi.s ore gives a green flame, but it may be due to cojqjer, 
which also gives a green flame. 

The structure of the Middle Hill ore is mostly massive, 
with small pit marks here and there containing small crystals 
of magnetite, and through the ground mass, pyrite chalcopy- 



LAKE SUPERIOR MINING INSTITUTE 23O 

rite, and other minerals are found. D'Invilliers mentions 25 
different kinds of minerals as being found at these mines, 
the copper minerals being a cuprous variety of pyrite, chalcopy- 
rite, cov elite, cuprite, hydrocuprite, chrysocalla, malachite, and 
azurite. No analysis of the ore is free from copper. At one 
time copper was mined as a commercial proposition, approxi- 
mately $175,000 worth being sold. This was mostly green 
and blue carbonates and chalcopyrite. 

The gangue of the ore is sand, which in places seems to 
be laminated. The sand is fine and light colored, showing it 
has been leached, and frequently it api^ears in small thin folds 
and contortions like the various layers of hornblende, mica, 
and quartz in gneiss. 

This indicates that acid solutions displaced the limestone, 
and the sand particles, being insolul>le, segregated as found. 

Mining oi>erations are said to have commenced at Corn- 
wall in 1740, which is 16 years earlier than "at the Forest of 
Deans mine near Fort Montgomery, in New York state. Tra- 
dition states that artillery was made for the Continental anny 
at the old Cornwall furnace. 

From the three de^x^sits in Big Hill, Middle Hill, and Gras- 
sy Hill over 20,000,000 tons of ore have Ijeen removed. The 
greatest quantity mined in one year was approximately 835,- 
000 tons; however, with the present facilities this no doubt 
could be increased to 1,000,000 tons, if there was such a de- 
mand for the ore. The Lackawanna Steel Company and tlje 
Pennsylvania Steel Company are the princii>al consumers, the 
market for the ore being narrowed by its low tenor in metallic 
iron and its high sulphur. The ore, when exposed to the weath- 
er, is oxidized to some extent, and loses some sulphur. How- 
ever, before being charged in a blast furnace it is roasted. An 
analysis of the ore in percentages is as follows: Silica, 15; 
alumina, 4; lime, 3.5 ; magnesia, 5.5 ; metallic iron, 48; sulphur, 
3.5. After it is roasted in Gjers kilns the sulphur is reduced 
to 'ibout 1.07 per cent, and in this condition it is possible to 
smelt Bessemer pig owing to the extremely low phosphorus 
content. 
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Ore is ruastc I in 0>ll>y furnaces very successfullly with 
blast furnace gas by the Pennsylvania Steel Company. 

In Fiff. 2 is shr>wn the open-cut workings in Middle Hill, 
taken frf>ni Big Hill in the foreground, which is practically 



worked out. Between Big Hill and Middle Hill the railroad 
tracks are supported on ore left there for that purpose. This 
view, although taken in 1908, does not materially differ from 
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the conditions governing the mines today, although there have 
been a numljer of important surface improvements. Grassy 
Hill mine is to he rear and right of Middle Hill mine and 
docs not show in the illustration. 

The Middle Hill mine has been worked to a depth of 150 
fee: for approximately a half of a mile; however, there is. a 
considerably greater area to be stripped and exploited besides 
150 feet more depth before the bottom of the deposit is 
rea-'hed. In the process of mining, a comparatively light cov- 
er of soil and rock is removed, as shown in Fig. 3 on the top 
bench above the stream shovel. The removal is accomplished 
by putting down a series of drill holes, then chambering or 



FIG. 3— SUun Shovel Loadinc Iron Ore. 

bulling them, and finally loading and firing them with a bat- 
lery. The cover is thus broken in sizes that the steam shovel 
can readily load into dump cars. When the cover has been re- 
moved a wide bench of ore remains that can be broken so 
that it falls to the bench on which the steam shovel is work- 
ing, shown in Fig. 3. In this way there has been formed a 
series of four slopes or benches from which ore is mined. 
Fig 4 shows a steam shovel on the floor of the third stope 
on the foot-wall side of the mine. The locomotive zigzags 
with the loaded cars from the lower to the upper stopes, al- 
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llioiifr)] on tlic [jrcsctit main level the ore is delivered in 50- 
li'ii tars to the incline of the crushing and screening plant. 
The ore car shown attaclied to the locomotive in Fig. 4 
IS a 50- tmi car which <liimi>s into a steel-foot frame pocket. 
'\'ip hrcak down the ore it has l)een customary to put down a 
serifS of iK to 24-foot drill holes with air drills on each bench, 
then charge and slu^ot the holes simultaneously. In this way 
a ijiianiiiy of hroken ore can he kept ahead of the steam shov- 
tU. Recently tw;j small traction well-drilling machines have 
lieen itistalle<t If) ])ut <lown holes where depth greater than the 
air drills can furnish is desired. These are worked on benches 



FIO. 4-St«m Shovel and Ore Car on Thinl Stope. 

ahead of the steam shovels, and although slower than air 
drills, their holes. lx;ing larger and deei)er, probably even up 
Ut the (|uantity of material broken over a given time. The 
ore broken from the stoi>es falls in all siz^, making it neces- 
sary to block liivle extra large pieces and "block blister," small- 
er and more suitably shaix;d pieces. To "block blister," a piece 
of dynamite has 1 cap and fuse attached in the usual way, aft- 
er which it is placed on the ore to be broken and coveted with 
loose dirt. The dynamite, when exploded, breaks up the ma- 
terial into pieces that can be scoojxid up by the steam shovels, 
although that machine delivers pieces weighing 3 or 4 tons at 
limes into the cars. 
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The extreme eastern hoist at thp foot of Big Hill is known 
as hoist No. i of the Cornwall Ore Banks Company, This is 
operated by steam but is at present closed down. Ore from 
the Big Hill basin is taken through tunnels to the Cornwall 
Ore Banks Company's No. 2 hoist operated by electricity. 

While a large tonnage of ore could be removed from the 
west end of the Middle Hill mine by cars attached to locomo- 
tives, at the present time all ore is hoisted at the eastern end 
of the Middle Hill mine up two inclines. At this end of the 
mine it is necessary to sink in order to form a stope that can 
be carried the length of the mine, and this stope, which is 



from 40 to 60 feet high is worked at right angles to the length, 
that is, the width, for about 400 feet. 

The eastern incline in Middle Hill mine, shown in Fig. 5, 
is operated by the Robesonia Iron Company, who have the 
rigfit to mine sufficient ore for one furnace only. This com- 
pany loads ore directly into skip cars which are hauled by 
mules over several tracks on the main level to the steam hoist 
where they are hooked to the cable and hoisted from the pit. 

At the top the ore is dumped directly into chutes that load 
the broad-gauge cars. This arrangement necessitates loading 
cars by hand and sledging up pieces of ore so the men can 
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han<!le them. H;>wever, when in this condition the pi^duct is 
aljoiit ready for the funiace. Attention is called to the trap 
dike to the left of the incline, and to the small quantity of rock 
in this deep pit. 

To the west of the Robesonia incline is a second, or No. 
2, Incline, shown in Fig. 6, which was constructed in 1909. 
This is a most interesting installation, consisting of a steel foot 
house or frame, comhined with crusher and skii>-loa<ling bin, 
and a steel head-frame combined with crushing, screening, and 
transfer arrangements. The foot-frame is 20 ft. x 30 ft. x 70)4 
ft., and is covered, as shown in the illustratitxi. The large 



riG. fl-No. 2, IdcUm vid Skip-Lokdins Bin. 

50-t()n ore cars when loaded are run into the shed above 
the frame and diimped into a large hopper which, in Fig. 7, 
is termed an 85-ton grizzly. Whatever is small enough to 
pass through the grizzly bars falls into the 100-ton pocket 
from which the skip is loaded; but whatever passes over them 
is fed by a 9-foot rotary drum to a 6o"x42" Farrel jaw rock 
crusher. This machine will receive a piece of ore weighing 4 
or 5 tons and crush it to 12-inch sizes. To work this crusher 
it requires 1 50-horsepower, 25-cycle, three-phase Westing- 
house induction motor, making 860 revolutions per minute at 
440 volts and 210 amperes. The feed-drum to the crusher 
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sometimes becomes clogged by ore jamming, in which case 
if the pieces are large and cannot be started by bars, they are 
blasted. Occasionally a large piece of ore will fall over the 
mouth of the crusher in such a way as to lodge. To turn this 
so as to insert it in the jaws a compressed-air hoisting crdiie, 



installed for this purpose, is brought into use. The ore from 
the crusher falls to the lOO-ton ore bin, where it joins the ma- 
terial that passed the grizzly. The ore from this bin is loaded 
into lo-ton iron skips by means of 6-foot diameter roller feed. 
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Aldiijj ilic foot-wali alKive the jmI. there is a water basin or 
<litcli excavatcil, wliicli catches the water from the foot-wall 
and leads it to a bnH>k so that it does not enter the pit. It is 
oiily in times of thaws or heavy rains that water is plentiful 
in the slo))c sinni>s, and this is care<l for by steam and electric 
piui>])s. The hoisting engineer is down in the foot-frame 
where he can see li) the loading of the skip, in fact he controls 
the motors that rotate the dmnis. However, he has an assist- 



FIG. S— End View iind Section Ore PiepaiinE Plant. 

ant who opens and closes the chute gates to the skips. The 
hoisting is done on two trracks by lo-ton skips attached to 
ij^-inch steel ropes that are wound on drums driven by elec- 
tric motors. To hoist, the engineer moves a master switch to 
the right or left, and as the skip nears the dump at the head- 
frame, the power is automatically gradually shut ofif. As the 
dump is reached, the power is entirely turned off and the air 
brake goes on. At this point the skip is dischai^ed and held 



LAKE SUPERIOR MINING INSTITUTE 238 

by the compressed air until the engineer releases it by re- 
versing the lever. An end view of the crushing and screening 
plant attached to the head-frame is shown in Fig. 8. In this 
plant, motor-driven rolls crush and screen and size the ore 
previous to its being transferred by a 50-ton electric dump car 
to the 2, 500- ton loading pockets, or 35,000-ton capacity stock- 
pile trestle. At the pockets the 5-foot roller feed-gates can 
load a 45-ton car in 4 minutes, including spotting and deliver- 
ing to the railroad company's tracks. The ore from the stock 
pile is loaded by steam shovel into railroad cars in case there 
should be a temporary cessation of hoisting for any purpose. 
The head-frame, loading pockets, and stock trestle are connect- 
ed by a steel viaduct which passes over the several railroad 
tracks, as shown in Fig. i. The electric power for the vari- 
ous machines is generated at Lebanon, about 6 miles away 
from the Cornwall ore bank. At Lebanon a furnace belonging 
to the Pennsylvania Steel Company has a Semet-Solvay by- 
product coke-oven installation that supplies sufficient gas to 
run two twin Westinghouse gas engines, each of 1,200 horse- 
power for the electric power needed at the mine^. These gas 
engines run 3,750-kilowatt Westinghouse dynamos that gen- 
erate current at 440 volts, which is stepped up to 11,000 volts 
for transmission to Cornwall. To the rear of No. 2 head-house 
is the substation where the current is stepped down to 440 
volts for use in the various motors. To take care of the heavy 
pealc load ifi the skip hoist, a rotary converter is provided to 
give direct current for the 500-horsepower hoisting motor. 
An electrically operated Ingersoll-JRand air compressor, fur- 
nishing 3,200 cubic feet of free air per minute, supplies 13 
compressed-air drills and other labor-saving machines at the 
mine. 



239 '^^^ SLICING AT THE CASPIAN MINE 



TOP SLICING AT THE CASPIAN MINE. 

By \Vm. a. McEachern, Iron River, Mich. 

The Caspian ore body was found in 1900 by chum and 
diamond drilling. The surface averaged 130 feet and many 
of the holes were only chopped into the ledge to determine the 
l)est location for a shaft. In January 1902, No. i shaft was 
started. This was a drop shaft and was landed April, 1902, 
with difficulty, on account of sand and water. The shaft was 
continued to 380 feet. From the shaft crosscuts were started 
on the second and third levds and continued across the ore 
Ixxly. Drifts east and west and then crosscuts, 50 feet apart, 
parallel to the main crosscut, were continued to the rock. No. 
2 was also a drop shaft and was sunk to the third level. This 
shaft is used for lowering men and timber. 

Stoi'ing — Between the second and third levels, nine stopes 
were oi>ened up. These were started directly over and about 
ten feet alx)ve the back of the crosscut. The method used was 
back stoping; drilling holes into the back and blasting, then 
standmg on the broken ore and drilling another round of holes. 
The average size of the stopes was one hundred feet long, 
twenty-five feet wide and fifty feet high, leaving a pillar of 
twenty-five feet between the stopes. 

Draining the Sand — The ore near the ledge could not be 
mined until the water was drained from the sand. Very little 
work was done on the first level, now called "C" sub-level, 
until 1908. This level was then extended and crosscuts start- 
ed directly over the crosscuts on the second level. Small 
raises were put up from this level in various parts of the mine. 
A twelve-foot test hole was drilled ahead of each cut to ascer- 
tain the height of the sand, then six-foot holes were drilled and 
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blasted. When the test hole reached the sand, six-foot holes 
were again drilled and blasted, leaving five to six feet of ore 
to hold up the sand: Three more holes were drilled to hasten 
the drainage. Forty-eight raises were put in and some ran 
with little decrease in water for over a year. 
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Top Slicing — Top slicing at tlie Caspian mine is the meth- 
od by wliich the ore is mined off at the top in slices ten feet 
thick and directly under the overburden. In June 1908, a 
raise twenty feet high was started from No. 5 east crosscut 
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on the first level. This was a cribbed raise and had two com- 
jxirtnients, one for ladders and one for ore. The height was 
determined by the distance to the ledge. When this raise was 
completed other raises were started and crosscuts east and 
west were started from them and continued to the rock. This 






I- 

D. CD 



o m 




was the beginning of the top or "A" sub-level. The crosscuts 
were timbered using eight-foot caps and legs and lagging in 
the back. Connecting the crosscuts on the end completes one 
slice as shown on the plan. The machine was moved back and 
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another slice eight feet wide was started. These were tim- 
bered the same as the crosscuts and lagging laid on the floor 
when the slice was finished. When the fourth slice was fin- 
ished the middle legs of the first two sets («hown on plan as 
small circles) were drilled and blasted bringing the overburden 
to the floor. The mat which prevents the sand from mixing 

CASPIAN MINE 
PLAN OF SUBLEVELS. 




with the ore consists here of five feet of ore left behind, and 
the caps and legs of timber sets and lagging from the back and 
the floor. The slicing of the pillars was continued until only a 
ten-foot pillar was left at the main drift. (Cross section No, 
i). This operation was carried on in as many crosscuts as 
the demand for ore required and pillars were left on each side 
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of the main drift for the transportation of timber to the two 
succeeding sul>-levels. 

**H" Si'b-Levkl — The Ixick of this level was even with the 
mat and is ten feet below "A" suWevel. On "B" sub-level 
there were three points where the operation differed from "A" 
suWevel : 

(a) No l)ack holes were drille<l as the ore stripped off 
the mat. 

(1>) The timl)er was kept closely to the breast to hold up 
the mat. 

(c) Boards were used on the floor instead of lagging. 

No. 2 cross section shows **B" sulvlevel on the west side 
half drawn iKick, nnd on the east side finished with the ex- 
ception of a tcn-f(K>t pillar to supix)rt the drip. On the east 
side is also shown a crosscut in "C" sub-level ready for slicing. 
In any part of the mine slicing or cross-cutting is not begun 
until the ore is taken out alx>ve it. 

Suh-Lkvkls Hktwken the Stopes — Within the next ten 
years, if one sul>-levcl a year is finished, the sub-levels will 
Ixj down to tlie stoi)cs. The stoi)es must be filled with ore and 
trimmed and then crosscuts run l)et ween the stopes to the rock. 
The pillars will \)c sliced the same as before. 

When the overlnirden is let down part will rest on the 
nfK>r of the [)illar and i>art on the filling in the stope. It will 
Ik? necessary to carefully w-atch the chutes to the stope as low- 
'jring the filling might ruin the mat and allow sand to mix 
with the ore. 
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ELECTRICAL OPERATION OF THE PLANTS OF 
THE PENN IRON MINING COMPANY. 

BY FRANK H. ARMSTRONG, VULCAN, MICH. 

All of the machinery of the Penn Iron Mining company, 
with the exception of two hoists, has been operated by elec- 
trical power since the month of March in the year 1908. The 
hydrcnelectric plant, from which the power is obtained, was 
described and illustrated in a paper which was read at the 
13th annual meeting of the Lake Superior Mining Institute in 
the month of June, 1908. A general description of the meth- 
ods of applying the electric power to the mining machinery 
was also given in that paper. 

Plate I shows the power obtained from the Menominee 
river for a period of nearly four years. In the year 19 10 a 
1500 K. W., 3600 R. P. M. Westinghouse-Parsons steam 
turbine was installed to supplement the hydro-electric plant and 
for use in case of a break-down at the power plant, or on 
the transmission line. Since the installation of the turbine, 
the curves show both the power output from the hydro-electric 
plant and the mine requirements. The cross hatched area be- 
tween the two curves represents the amount of power suppHed 
by the steam turbine. 

The largest part of the power used for mining is con- 
sumed by three classes of machinery, viz : pumping, air-com- 
pressing and hoisting. 

PUMPING. 

For three and a half years there has been in operation at 
the East Vulcan mine one, and at the West Vulcan mine two 
Worthington 8-inch, 8-stage turbine pumps, pumping against 
a head of a little over 1,200 feet. (For description and il- 
lustration, see paper referred to above). 
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The principle improvement made on the pumps since they 
were inslalle<l is in the method of controlling the thrust. The 
water-step l^earing that was put on the discharge end of the 
pumps s(K)n after starting was at first suf^lied with water 
from the discharge pipe at 550 pounds pressure. This is now 
supplied hy a small triplex power pump giving a constant 
volume of water through the step and positively preventing 
the revolving and stationary parts of the step from coming 
in contact. After priming, and opening a 4-inch by-pass 
valve, the pump is started and then the by-pass valve is grad- 
ually closed until the pump is discharging against the full 
head. The pressure on the step gradually increases from 25 
pounds to nearly 400 pounds per square inch, and then de- 
creases as the by-pass valve is still further closed, to approxi- 
mately 25 pounds. 

At the East Vulcan mine a Prescott 8-inch, 8-stage pump 
was recently installed, having an oil pump driven by the main 
pump that keeps a constant quantity of oil flowing through the 
thrust. This oil is circulated continually and relieves the pump 
of all thrust troubles. 

The efficiency of these pumps varies with their condition 
from 63 per cent to 56 per cent wire at the motor to water at 
surface. Their capacity can be readily varied from 1300 G. 
P. M. to 500 G. P. M. by throttling the suction. 

At the bottom of the mines, pumping to these station 
pumps, there are turbine pumps of similar design, with two 
or three stages according to the lift. As the shaft is sunk deep- 
er, and the pumps are put lower down, the number of stages 
may be increased by combining the pumps in series. One 
pump is designed to permit increasing the diameter of the im- 
pellers to accommodate the higher head. 

The delays due to wear, breakage or accidents, on the 
one pump at the East Vulcan mine, which had no spare electric 
pump and was always kept running, except when idle for re- 
pairs, amounted to 346 hours in thirty-three months. In 
other words, the pump was idle due to wear, breakage or 
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accidents about i Yz per cent of the time. The replacing of the 
steel bushings that prevent the packing from wearing the shaft 
is the principal repair required. 

For smaller quantities motor driven reciprocating pumps 
are used. There are two for 175 gallons per minute 200 feet 
head and one for 125 gallons per minute 810 feet head. 

COMPRESSORS. 

There are in use four motor-driven compressors in the 
Penn group of mines, as follows : 

2 Ingersoll-Rand Compressors 3100 cu. ft. capacity 

I Laidlaw-Dunn-Gordon Compressor. .2200 cu. ft. capacity 
I Ingersoll-Sergeant Compressor 950 cu. ft. capacity 

(All compress to 80 pounds gage pressure). 

The three larger machines are rope-driven, using the 
Dodge-American system. The smaller machine is driven by a 
belt. The rope drives are very satisfactory, being quiet, effi- 
cient and durable. On the two largest machines owing to 
lack of space the distance between pulley centers was so short 
that it was necessary to use a deflector pulley. This puts a 
reverse bend .in the rope and reduces the life somewhat. On 
the 2200 cu. ft. compressor the first rope (i34") lasted three 
and a quarter years. With this machine no deflector pulley is 
used. The motor pulley is 50 inches in diameter and the com- 
pressor wheel is 12 feet in diameter. 

Several tests on the Ingersoll-Rand compressors show the 
efficiency from motor terminals to indicated horsepower of 
air-cylinders to be 85 per cent. 

HOISTS. 

Only the second motion or geared hoists were converted 
from steam power to electric power. A single skip is suffi- 
cient to hoist all the ore at any of the company's shafts. The 
method of making the change, with illustrations of some of 
the hoists, is given in the paper referred to above. All of the 
electric hoists, with the exception of one, have two drums ar- 
ranged in tandem, keyed to their shafts and driven by Lane 
band clutches from each of two spur gears running loose on the 
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drum shafts. These two gears are driven by a pinion, on 
which shaft is also a 22-foot rope-wheel. This wheel is driven 
from a standard 2200 volt induction motor by a manila rope- 
drive. The metho<l of starting is to bring the rope-wheel up 
to speed (which takes from twenty to forty seconds), and 
then start the drum and load by slowly throwing in the clutch. 

The question has been asked as to whether this method of 
starting is hard on the clutch. Practically the same method 
has been used for years with all geared hoists. The practice 
has always been to bring the engine nearly up to speed before 
throwing in the clutch. The clutch on the new hoist, at the 
Brier Hill mine, which has l>een in active oi)eration for nearly 
two years has never been renewed and shows almost no wear. 
The clutches on the qqiiverted steam hoists last fully as long 
as they did when they were oi)erated by steam. 

In order to approximate closely the efficiency of first 
motion plants it. is necessary to counter-balance the 
dead weights of skip or cage and rope. The meth- 
od used for this purix)se is illustrated in Plate II 
of this pai>er. The two -balance-dnmis are keyed to the 
• same shaft, and of course, revolve together. Drum "A'' is 
the larger of the two and is connected by a J^ inch rope to 
the main hoisting drum. From the other drum ("B'') a ^ 
inch rope leads to the counter-weights hanging in the shaft. 
Drum "B'* is smaller than drum "A,'' thus giving the coun- 
ter-weight a shorter travel than the skip, so that it is never 
above the collar of the shaft, at which point it might freeze 
while the skip is at the bottom waiting for a load. The tapers 
on these drums are designed so as to give as nearly a per- 
fect balance as possible, at all points in the shaft. The curves 
at the bottom of Plate II show this. It is, of course, neces- 
sary to be out of balance enough to pull the drums around in 
lowering. 

Without some further device a Kimberly skip as perfect- 
ly balanced as shown by the curve would not come out of 
the dump, where a large part of the weight of the skip is sup- 
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Anchor ("N") and pulley ("P") are stationary while sheave 
("S") on skip bail rises to various positions as shown. 

The results of this nietl«xl of hoisting are shown by the 
curves on Plate III, IV and V. 



Plate III is the load curve for hoisting a cage of men 
vertically, taken with a curve-drawing wattmeter. This cage 
is not balanced and the effect of the weight of tiie rope is 
plainly seen. 
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Plate IV is the load curve for hoisting ore in a shaft, the 
lower part of which is at an incline of 60 degrees from the 
horizontal. The increase in power required from the turn up 
in the shaft is shown. This skip is balanced and the watt- 
meter curve shows almost perfect balancing. 

Accurate, information as to the number of K. W. hours 
used for hoisting under various conditions is valuable. Below 
are two tables showing the average K. W. hours used per 
day, per ton, and per ton-foot at the Brier Hill mine. The 
skip holds 6 tons of ore. Both skip and cage are counter- 
balanced. Before making these tests, a switch was put in 
the meter circuit that enabled the brakemen to cut out the 
meter when the cage was being hoisted. The first table and 
results are for hoisting ore only. The second table includes 
the operation of the cage, handling men, timber, tools, etc. 

The following table gives the distance the skip travels 
from level to dump in a vertical shaft, the average number 
of tons of ore hoisted i>er day from each level (the records 
covered -one week of 5^ days), and the K. W. hours used 
for the 53^2 days, as recorded by a calibrated polyphase in- 
tegrating watthieter. 

TABLE I. 
Level Distance Tons Ton Feet Meter Reading: K. W. Hours 

5th 480 ft. 4.8 2304 7 A. M. Monday 5947040 

6th 592 ft. 30.0 * 1 7*760 6 P. M. Saturday 5950236 

8th 780 ft. 178.8 139464 Difference 3196 

9th 887 ft. 255.6 226717 Divide by 5>^ days,Aver of . 581 

Tot., Av. day 469.2 386245 K. W. Hours per day. 

The above table gives 1.238 K. W. hours per ton of ore 
from an average vertical depth of 823 feet, or a power con- 
sumption of .001504 K. W. hours per ton foot. 

TABLE II. 
Level Distance Tons Ton Feet Meter Reading K. W. Hours 

5th 480 ft. 12 5760 7 A. M. Monday 5955210 

6th 592 ft. 8.4 4973 6 P. M. Saturday 5960040 

8th 780 ft. 246.6 192348 Difference 4830 

9th 887 ft. 261.6 232039 Divide by 5^ days, Aver.of. 878 

Tot., Av. day 528.6 435120 K. W. Hours per day. 

The above table gives 1.66 K. W. houfs'per ton of ore 

from an average depth of 823 feet, or a power consumption 

pf ^002018 K. W. hours per ton foot. 
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REMINISCENCES OF THE EARLY DAYS ON. THE 
: . GOGEBIC RANGE. 

By John H. Hearding, Dulutii, Minn. 

ironwood in 1887. 

When I first arrived in Ironwoocl in April, 1887, the only 
railway completed into the town was the old Milwaukee, Lake 
Shore & Western, now a division of that excellent system, the 
C; & N. W. It was April 20th and very warm in Milwau- 
kee when I left; but, as I dressed at about 6 a. m., I noticed 
<hat the small lakes we were passing were still coated heav- 
ily with ice, and an occasional patch of snow could be seen in 
the heavy timber. 

I was met by an old Milwaukee friend, John G. Thompson, 
who was then cashier of the Norrie Mine; and, let me explain 
here that the purpose of this article is to bring back to the mem- 
ory of some of the **old timers'' the familiar faces and fig- 
ures that were prominent and well known at that time in this 
city. The train came up by way of Watersmeet, as the Rhine- 
lander cut-off had not been built. The depot was on the Qther 
side of the track from where it now stands, and, as I remem- 
ber, we walked directly from there to the comer of Suffolk 
and Ayer streets. Ayer street was commonly known as "Front 
street" because the town was built up along this street original- 
ly; as the railway yards were parallel and opposite, as now, 
and naturally it was the first to be improved, in order- to take 
care of the unloading of freight — a very important thing in" 
a new town. 

On one corner of Suffolk street and Ayer there stood the 
Store of Bingham and Perrin — a combination building of 
frame and logs. Opposite or on the westerly side was the St,- 
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James Hotel, a building of two stories extending nearly td 
the alley. In the corner store of the St. James was the Bank 
of Ironwood, over which presided as cashier, Otto KafSte. 
Going westerly from the St. James Hotel on Ayer street one 
saw numerous wooden buildings, with a variety show and sa- 
loons in them; the largest was the Alhambra Theater,, a two- 
storied variety show of the worst character, run by one Paddy 
O'Neil, whose boast was that of a head so hard that he could 
butt the panel out of any bar in town. 

Occupying a corner similar to the St. James but a blpck 
east was the Walker House, the first hotel in town, I was 
given to understand. Across from that building was Fred 
Prescott's hardware store, a group of low single story build- 
ings that have only been removed during recent years. West- 
erly from Bingham & Perrin's store were the usual two-story 
frame buildings occupied by different business enterprises, 
mostly saloons, excepting the further corner one which was 
occupied by the Ironwood Store company, whose destinies 
were presided over by Thos. Atkinson. 

Up Suffolk street on Bingham & Perrin's side were sev- 
eral frame buildings, one a saloon of an old French-Canadian, 
a Civil .war veteran and quite a character. His family diffi- 
culties were generally settled between himself and his wife 
in public; his wife occupying the middle of the road, which 
was generally knee deep in mud, and he occupying the front 
door. Their language on such occasions was hardly repeat^ 
able in any society, and one of the preliminaries at the fray 
was his carrying her sewing machine down to the express' 
office and ordering it sent to Peshtigo, their old home, which 
was never done by W. L. Pierce, the agent for the company, 
whose office was next to the Bank of Ironwood on Ayer street. 
The corner building, where Davis and Fehr's 5tore now 
stands, was a frame one occupied by Chet Boyer's saloon. 
Across from there was Harry Weeden's drug store and Will 
Winslow's jewelry store, where the Bank of Ironwood now 
Stand3r Between that building and the St. James were several 
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btlildings, one of which was occupied by the postoffice, the 
postmaster being George Kelly; another, as I remember, was 
occupied by I. M. Beans' jewelry store. 

This was the general view I obtained of the town when I 
arrived. The frost was just going out of the streets and be- 
fore getting my breakfast I went to Bingham & Perrin's and 
purchased a pair of rubber boots, as Mr. Thompson told me 
they would be absolutely necessary. We then went to break- 
fast at the St. James and I then met several of the gentlemen 
I have already mentioned. At this time, I believe, I also met 
Mr. C. H. Munger, then superintendent of the Odanah Mining 
company. 

The dining room of the St. James was in reality a store. 
The office another store room with the rear partitioned off to 
make a kitchen. Naturally there was a door in the front part 
of the dining room that opened immediately onto the side- 
Walk The door was supplied with a screen and usually hooked 
on the inside. Its being unhooked caused considerable em- 
barassment to the speaker one day when a total stranger, with 
more liquid refreshments inside than was good for him, 
walked into the dining room and up to the table where I was 
seated with several others, and to their great amusement gave 
out the following sentiment : '* Say Jimmy, if youVe going 
to be a sport, blow yourself.'' He was removed by the pro- 
prietor, C. J* Laughr^n, immediately. After breakfast I went 
up to the Norrie mine and was initiated by Mr. Thompson into 
the duties of timekeeper. As we walked up Suffolk street I 
noticed several buildings and will mention them to possibly 
bring to the minds of others who were there at the time those 
that I have forgotten. 

Where the First National Bank building now stands, there 
was a vacant lot, on the third lot from the comer was a hard- 
ware store run by Ed. Maxon, and next to the alley where it 
now stands was Mullen Bros.' furniture store. A hotel build- 
ing was being erected where the new St. James now stands, 
called the Grand Hotel,' from which the new St. James was 
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remodeled. On the comer of Aurora and Suffolk, opposite 
the present First National was a residence occupied by Matt 
Fitzsimmons, Sr. I believe one other store building was erects 
ed in that block, but I am not absolutely sure. Pierce's Opera 
'House graced its present site with Wm. Rothschilds building 
opposite facing on Ashland stpcet. A few other buildings 
were also erected further up the street, among them, George 
Kerbitz saloon, well known and liberally patronized, but ex- 
actly how many I do not remember. On the left hand side 
of the last block were two boarding houses, and between them 
and town was J. H. D. Stevens, the then new probate judge's 
residence. 

An amusing incident occurred in his election which had 
just taken place. His opponent was a painter, who later rati 
a saloon in Ironwood. The majority for Stevens was about 
5, as I remember it, but after the election and within two years, 
a quiet looking gentleman arrived in town from Chicago and 
invited Stevens' opponent to return to that place under charge 
of highway robbery. Had Stevens received three less votes 
Gogebic County's first probate judge would have had to leave 
his honorable position for an Illinois penitentiary. I believe 
his sentence was reduced to one year on account of his life 
in Ironwood. 

A conspicuous land-mark at the head of Suffolk street 
was No. 3 shaft house, Norrie mine. Between the end of the 
street and the shaft were large piles of timber and a large log 
barn ; also a double log camp, which was the original explora- 
tion camp. In the log camp lived the surface foreman of the 
Norrie ; none other than Jim Redmond, at one time sheriff of 
Florence County, and then a victim of tuberculosis. His 
trouble was caused by a bullet w^ound in his lungs inflicted 
by the County attorney of that County. He told me the 
story, which is a familiar one to many of our Menominee 
Range members. Even the old log barn had an experience, 
for in later days, it partially slid into a cave with John Bridges, 
the bam boss, and about lo horses in it. 
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The last house on the left of the street, and next tp a 
saloiMi bejiring the fiUiiiHar sign, "First and Last Chance,'' 
was occupied by (Captain WiUiam Trebilcock of the Nome 
mine. The Xorrie in the spring of 1887 had three operating 
shafts, Xos. 3, 4 and 5, No. 4 shaft being the original. They 
were all working on the second level with the shafts down to 
the third. Xo. 6 shaft was being sunk and No. 7 was a small 
shaft down to one level. At the East Norrie No. 3 shaft 
was the (^ily oiKMiing, there being a small open pit in con- 
nection with it on the first and second level. The mining 
captain of the I^ast Xorrie was our present president, D. E. 
Sutherland. S. S. Curry was president and general manager, 
J. I). Day was su[>erinten(lent, William Trebilcock captain of 
the Xorrie and W. II. Knight, well known as "Bill'* Knight, 
was night captain. The Xorrie and East Norrie were then 
oj>eratecl by the Metroixjlitan Iron & Land Co. 

At the Ashland mine, J. H. Taylor was superintendent 
and Jas. McKcnzie captain. The engineer and chemist of the 
Ashland was then a young man who lived in a small room 
adjoining the lalx^ratury, and boarded in Hurley, one of 
the Ik'sI liked and brightest men in the community, w^ith a 
goixl nature that has lasted him until now. He rose from 
that position through various others to the head of the largest 
iron mining corpol'ation in the country, which position he 
now (occupies — Mr. W. J. Olcott, our ex-president. Another 
(,*f f;ur ex-presidents was then mine inspector of Gogebic 
CVntnty, J. Parke Channing. The superintendent of the Au- 
rora mine was Captain Nat Hebbert and Geo. Brew^er w^as 
mining captain.. Major Baetz was superintendent of the Pabst 
mine and I think W. W. Stevens was mining captain. My re- 
collection is that Chas. (Chuck) Stevens was then siiperi^n- 
lendent of the Iron King, now the Newport. Captain Mat 
Fitzsimmons was sinking an exploration called the North Aii-" 

lora. The Bonnie, Blue Jacket, First National, Geneva, Pur- 
itan, Ironton and Valley mines were then working between 
Iron wood and Bessemer, and at Bessemer was the first mine 
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to ship from the range, the Colby, whose manager was Jos. 
Sellwood, and Harry Roberts was mining captain. 

West of the Montreal river on the Wisconsin side an. ex- 
ploration was going on called the Minniwawa operated then 
by the Pence & Snyder Development Co. R. J. Tririible was 
the manager and R. R^Trezona, superintendent. This same 
firm was also interested in the Pence and Father Hennepin 
mines. Then came the Germania on top of the hill back of 
Hurley, which was under the same management as the Ash- 
land, and whose head was the present insurgent congressman 
from California, ''Red" E. A. Hayes. His brother, J. O., 
was also in the management. Beyond the Germania came the 
Nimicon, Kakagon, Bessemer and Odanah mines with many 
others farther west that then were only explorations. These 
names and their locations are written from memory and I 
may not be entirely accurate though in the main I think they 
are. 

During the spring of 1887 there was a great deal of build- 
ing throughout Ironwood and new buildings could be seen 
springing up all over the town. Marquette street had just 
been cut out of the timber and new houses were going up all 
along it. Vaughn street terminated at its present juncture 
with Mansfield and the timber covered all of the ground now 
occupied by the residence portion of the town east of Mans- 
field street. The timber continued through without hardly a 
break to the Pabst mine. On the north side of the county road 
there were no breaks in the trees. The hills back of the Nor- 
rie and East Norrie mines were covered with the original 
forest which continued unbroken to the south. On the north 
side of the tracks only a few pioneers, such as Jas. Monroe, 
Robert E. Mace, Al. Hammond and W. H. Knight, Jr., had 
ventured to build. During the winter of '87-'88 wolves could 
often be heard howling in the swamp south of the East Nor- 
rie and deer were very plentiful close to town. 

On September 17th, 1887, a fire originating in a small 
frame building close to the Alhambra Theater on Ayer street 
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extended rapidly to the surrounding buildings. There was 
noUiing in the town in the way of fire protection and it soon 
extende<l easterly along Ayer street, burning south toward the 
mines as far as the allev l)etween Aurora and Ashland streets, 
practically clearing out all the business ix>rtion of the city. In. 
spite of this disaster the town soon rebuilt, but the business 
section moved to its present location, and this description of 
old Ironwuxl is given to explain to those who did not see it, 
some of its i>ast glories. 
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BIOGRAPHICAL NOTICES. 

George P. Cummings. 

George P. Cummings, whose death occurred in the city 
of Marquette, Michigan, March 13, 191 1, was bom at Mor- 
gan, Vermont, Nov. 18, 1826. Early in life he was identified 
with railroad construction in his state, he being a civil en- 
gineer. At one time he held the position of master of trans- 
portation on the Concord, Manchester & Lawrence railroad, 
rie was married in Vermont to Hannah Elsen Ropes in 185 1. 
One son, Charles, survives his parents. Mr. Cummings re- 
sided in the city of Marquette since 1857. He held the posi- 
tions of civil engineer, surveyor and land agent, and for many 
years was the official surveyor for Marquette county. Mr. 
Cummings took a great interest in the mineral development 
of the Lake Superior country, was an ideal American citizen 
and a pioneer whom all who knew him admired. 

Captain Thomas Oliver. 

At the age of 59 years, 4 months and 18 days, Captain 
Thomas Oliver passed away at his home in Norway, Michigan, 
June 5, 191 1. 

Captain Oliver was a native of Cornwall, England, raised 
in early youth- among the mines of his birthplace, engaging 
in the mining pursuit at a very early age as was common with 
boys of his time. While still young he came to America, 
entering mining work in Marquette county. In 1880 he re- 
moved to the Menominee iron range where he was for several 
years at the Norway mine. Later he took charge of the un- 
derground workings of the Curry mine of the Penn Iron Min- 
ing Company. Later he went to the Gogebic iron district 
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where he took char^^e of mining operations at the NewiK>rt 
mine. Ironwooil. He remained in this position several years 
when he returned to Norway, where he built a fine resi- 
dence and pnxreeded to enjoy the fruits of his activities, but in 
which pursuit he was early cut oflf by an insiduous disease 
that IxifTled the skill of the l)est physicians. His w^idow, five 
sons and two daugliters survive him. Captain Oliver was a 
thorough miner and did his full share in the development of 
the mineral resources of this region. 

Donald Archibald Cameron. 

Donald Archibald Cameron, whose death occurred at 
Norway, Dickinson County, Michigan, April 7, 191 1, was 
lx>rn in Martintown, Ontario, Province of Canada, August 15, 
1 861. He was a graduate of Toronto University, adopting 
law, opened an office at Toronto where he practiced a couple 
of years, after which he came to the United States, locating 
at Iron Mountain, Michigan, in 1887, where he continued in 
the practice of his profession. He was married in 1894 to 
Miss Eva Monroe, who with two children, Claire and Paul, 
survive him. 

George C. Stone. 

Bom, at Shrewsbury, Massachusetts, November 11, 1822; 
died at Duluth, Minnesota, October 25, 1900. 

To no one man can more credit be given for the opening 
of the mines of the state of Minnesota to the industrial world 
than to George C. Stone.* It was largely due to his energy, 
persistence and faith that the hard ore deposits at Soudan were 
first, brought to the light of the commercial day, developed, 
and given their true significance to the country at large. 

. Early in life Mr. Stone had come West. For many years, 
at different times he was banker and merchant in Iowa and 
Minnesota. He had made and lost several fortunes. In 1876 
he moved to Philadelphia. He was "broke'' and engaged in 
a small manufacturing business, but his min^ had bigger 
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things in view and he soon returned to Duluth to investigate 
outcrops of iron ore about Vermilion Lake, from, which .pl^ce 
an explorer and government surveyor, Mr. .George R. Stuntz,. 
had secured attractive samples which he 'had shown to, Mr. 
Stone. Having known Mr. Charlemagne: Tqwer, of Philadel- 
phia, as a successful^ coal mine operator, he sought his aid, and 
finally, after many trials,, secured it after he had the property 
examined by Professor Albert H. Chester, of Hajnilton Col- 
lege, New York, who. reported favorably upon it.. Mr, Stone 
then took up his residence at St. Paul, Minnesota, to carry, 
out the plan he and his associates had formulated. After much 
delay the Minnesota Iron company was the result of the ef- 
fort, the organization having a capital of ten million, very 
high for that period. Then followed years of the hardest kind 
of struggle to keep the enterprise going. A panic interfered. 
It was a new field, seventy miles from anywhere, prejudices 
against it were many. For several years supplies were re- 
ceived by sleds in the winter season the swamps being im- 
passable at other times of year. It was a long, hard fight, but 
it finally won. Mr. Stone cleaned up half a million for his 
work, while Mr. Tower recovered the three million he had 
invested with big interest. Elisha Morcum, who was super- 
intendent of the Chapin mine, Menominee range, Michigan, 
was the mining manager for the Soudan, the initial iron ore 
mine in Minnesota. He brought with him Amos Shephard and 
a large crew of Cornish miners. During those years Mr. 
Tower was president of the Minnesota Iron company while 
Mr. Stone was its general manager and treasurer. Mr. Stone 
was also president of the Duluth & Iron Range Railroad com- 
pany, and later became managing director of the mining com- 
pany. 

« 

H. B. Sturtevant. 

H. B. Sturtevant, whose death occurred Nov. 22, 19 10, 
at Philadelphia, was born in Delavan, Wisconsin, in October, 
1857. He was educated as a civil engineer, his first services 
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being" with the Chicag^o & Xorthwestem Railway company, 
where he was eng^aped for several years when he became the 
eng-ineer for the I^ke Superior Iron company, Ishpeming, 
where he filled imix)rtant positions in his line, resigning- to 
take charge of mining proi)erties at Ely, Minnesota, where 
he was located until a few vears before his death when ill 
health compelled him to seek another climate. Mr. Sturte- 
\zxvt was a most active man in all work he undertook and had 
many warm friends throughout the mining regions of the 
Lake Superior country. 
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